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"Je  n’enseigne  pas,  je  raconte." 

Goethe’s  writings  alone  fill  several  bookshelves 
and  it  would  take  a  fair-sized  library  to  contain  what  has 
been  written  on  the  subject  of  his  life  and  work.  Yet 
hardly  a  year  passes  without  new  commentaries  being 
published,  new  shades  of  meaning  discovered,  new  values 
revealed  in  the  immortal  literary  masterpieces  he  has 
left  us.  For  there  are  some  men  whose  life  will  never 
be  a  closed  chapter.  Because  they  have  lived  with  greater 
intensity  than  most,  because  they  have  looked  on  Nature 
and  on  life  with  deep,  clear-seeing  gaze,  a.nd  above  all 
because  they  were  blessed  with  the  supreme  gift  of 
expression,  the  soul  of  mankind  through  them  has  been 
:  made  articulate;  and  their  words  are  with  us  now,  a 
|  living  voice,  stimulating  us  to  new  thoughts,  new  hope, 
i  new  vision. 

Probably  no  human  life  has  ever  been  more  comple¬ 
tely  recorded  for  posterity  than  that  of  Goethe.  Yet, 
strangely  enough,  although  he  has  devoted  a  large  portion 
of  his  long  career  to  labours  other  than  the  literary 
ones  which  so  early  won  him  fame,  most  people  think  of 
him  exclusively  as  a  poet.  At  best,  it  is  granted  that 
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his  sincere  love  for  Nature  and  his  keen  observation  of 
her  ways  enriched  his  thought  and  gave  added  charm  to  his 
poetry.  It  was  his  greatest  wish  to  arrive  at  a  compre¬ 
hensive  knowledge,  a  full  understanding  of  the  world 
about  him,  and  since  he  viewed  man  as  but  one  of  the 
myriad  living  things  which  move  and  have  their  being 
therein,  the  study  of  science  was  to  him  as  necessary 
as  the  study  of  his  fellow  men;  and  to  contribute  to 
the  advancement  of  human  knowledge  was  as  great,  as  noble 
an  aim,  in  his  sight,  than  to  add  to  the  literary  store  of 
creative  art.  His  influence  on  men  of  science  has  been 
less  than  it  would  have  been  had  he  lived  at  a  later 
period,  when  certain  of  his  ideas  might  have  seemed  less 
far-fetched,  less  revolutionary.  However,  through  the 
interest  in  these  studies  which  he  created  by  word  and 
example,  he  gave  learning  a  great  impetus  and  we  must 
acknowledge  him  as  one  of  the  precursors  of  the  great 
svolutionists ,  Darwin  and  Wallace,  whose  ideas  he  largely 
anticipated. 

Goethe  was  at  the  height  of  his  powers  at  the  end 
<t>f  the  18th.  Century,  which  has  been  called  the  greatest 
:.n  the  history  of  human  civilization.  Certainly  no  period, 
since  the  days  of  Greece,  had  seen  so  much  earnest  and 
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successful  endeavor  to  free  the  mind  of  man  from  the  bonds 
of  tyrannical  authority,  and  the  subtler  chains  of 
superstition  and  ignorance.  It  was  the  glorious  Age  of 
jEnlightenment ,  begun  by  the  1 Philosophes*  and  ending  in 
jthe  triumph  of  the  Natural  Scientists  and  the  irrevocable 

I 

acceptance  of  the  evolutionary  view  of  life  and  the 
universe.  Of  course  the  growth  of  this  new  1  Weltanschauung * 
was  gradual.  Tradition  never  relinquishes  its  hold  easily, 
perhaps  because  it  is,  in  the  absence  of  originality  or 
courage,  such  a  comfortable  wall  to  lean  back  on.  &nd  we 
find  in  the  scientific  and  philosophic  background  of  the 
time  a  curious  mixture  of  Science  and  Magic,  of  Reason 
a,nd  Superstition,  a  clinging  to  the  classical  teachings 
Df  ancient  authorities.  The  discoveries  of  Newton  had 
revolutionized  Physics,  but  in  the  Natural  Sciences, 
where  technique  had  not  kept  pace  with  the  curiosity  of 
investigators  speculation  was  rife.  The  Systema  Naturae 
of  Linnaeus  (1709-1778)  had  brought  order  into  descriptive 
botany  by  substituting  for  a  confusing  variety  of  appella¬ 
tions  a  universally  acceptable  Latin  nomenclature ;  but 
Although  his  system  of  classification  was  based  on  the 
sexual  organs  of  plants,  there  were  still  some  who  seriously 
qenied  that  sexuality  existed  in  the  vegetable  world,  and 
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only  several  decades  later  did  Hofmeister  show, with  the 
help  of  improved  instruments,  that  the  embryo  actually 
develops  out  of  the  fertilized  ovum.  Blumenbach  (1752-1840) 
studied  like  Camper  the  facial  angles  of  human  crania  (l), 

also  their  general  conformity  and  capacity,  and  came  to 

. 

the  conclusion  that  all  races  of  men  are  but  varieties  of 
the  same  species,  but  he  insisted  particularly  on  this 
point  that  between  man  and  the  rest  of  the  mammals  there 

<A 

are  differences  "qui  creusent  un  abime  inf ranchissa.ble 

/  /  ^  \ 
entre  les  varietes  humames  les  plus  degradees  et  I’espece 

la  plus  parfaite  des  autres  animaux".  on  the  other  hand, 
"his  studies  on  warm-blooded  animals  constituted  a  compa¬ 
rative  Physiology  when  as  yet  no  such  term  or  science 
existed"(2).  Cuvier(l769-1832)  in  his  Trait e  d’Ane^tomie 
compared  divided  the  animal  kingdom  into  four  great 
groups,  each  built  on  a  different  plan:  Vertebrata, 
Articulata,  Mollusca  and  Radiata.  His  work  on  fossils  was 
considerable.  He  was  able  to  define,  by  the  comparison 
of  remains  contained  in  successive  strata,  the  various 
geological  periods,  or  eras  of  long  duration  separated 

by  periods  of  drastic  change  during  which  many  species 

( 1 )  Blumenbach, De  1*  unity*  du  genre  Humain  et  de  ses 
Varib'tes ,  1804 . 

(2)  Encyclopaedia  Britannica,  Edition  11,  1911. 
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seemed  to  become  completely  wiped  out.  This  change  he 
attributed  to  violent  upheavals  of  a  volcanic  origin 
or  ’cataclysms'  which  presumably  destroyed  all  existing 
life,  hew  species  were  then  created  afresh  to  people 
the  continents  during  the  next  era  (1).  He  opposed  to 
the  last  Geoffroy  St.  Hilaire’s  suggestion  that  species 
now  extant  could  be  directly  descended  from  fossil  forms. 
Man,  he  dated  back  to  at  most  6000  years.  And  perhaps  because, 
his  attention  always  tended  to  be  focussed  on  differences 
rather  than  on  similarities,  the  greatest  authority  of 
his  time  could  in  the  presence  of  the  foisil  remains  of 
man  deliver  himself  of  this  categorical  pronouncement  • 

'•Les  hommes  fossiles  n’ existent  pas'*--  a  memorable 
blunder  which  will  continue  to  evoke  the  derisive  smiles 
of  students  of  Anthropology  long  after  Cuvier's  life 
work  has  ceased  to  occupy  more  than  a  meagre  paragraph 
in  their  text  books.  Oken  (1779-1851),  the  acknowledged 
leader  of  the  ’ Haturphilosophen* ,  had  a  scheme  of  his 
own  for  the  classification  of  the  animal  world:  "The 
animal  Classes",  he  said, "are  virtually  nothing  else  than 
the  representation  of  the  sense  organs,  and  they  must  be 
arranged  in  accordance  with  them", (2)  There  are  therefore 
five  Classes:-- 

1-  The  Dermatozoa  or  Invertebrates  (touch); 

(l)  He  admitted  that  they  might  have  migrated  from  other 
places. (2)  Encyclopaedia  Britannica,Ed.ll,  1911.. 
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2-  the  Glossozoa  or  Fishes  in  which  a  true  tongue  appears 

(taste) 

3-  the  Rhinozoa  or  Reptiles,  wherein  for  the  first 

time  the  nose  opens  into  the  mouth  and  inhales  air 

( smell )  ; 

4-  the  Otozoa  or  Birds,  in  which  the  ear  for  the  first 
time  opens  externally  (hearing); 

5-  the  Ophthalmozoa  or  Mammals,  in  which  all  the  organs 
of  sense  are  present  and  complete,  the  eyes  being 
movable  and  covered  v/ith  two  lids  (sight). 

Such  theories  as  the  above  show  that  the 

knowledge  of  living  things  was  concerned  with  form,  with 

no  conception  of  genetic  relations  save  what  was  revealed 

in  structure.  On  the  borderline  between  Science  and 

Philosophy  (an  ill-defined  boundary  indeed)  authorities 

were  divided  into  opposing  camps  over  such  questions  as 

this:  Is  Unity  of  Plan  or  Final  purpose  the  governing 

condition  of  organic  development  ?  Cuvier  and  most  other 

Naturalists  held  that  the  work  of  organization  was  guided 

and  governed  by  Final  Purpose  or  Adaptation.  Geoffroy 

de  St. Hilaire  denied  the  evidence  of  design  (l)  and 

contended  for  the  principle  which  he  called  lf Unite 

de  composition  organique*  as  the  law  of  organization. 

Were  the  series  of  species  uninterupted  or  broken  by 

(l)  "I  ascribe  no  intention  to  God... I  observe  facts 
merely  and  go  no  further. I  only  pretend  to  the  character 
of  the  historian  of  what  is,  I  can  not  make  Nature  an 
intelligent  being  who  does  nothing  in  vain, who  acts  by 
the  shortest  mode, who  does  all  for  the  best" . (Whewell,W. , 
History  of  the  inductive  sciences ,  p . 4 8 3 ) , 
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intervals  ?  In  other  words,  can  the  chasm  which  separated 
the  various  groups  be  filled  by  careful  comparison  and 
homologizing  ?  "In  1820  M.  Audoin,  a  young  Naturalist  of 
Paris,  attempted  to  show  correspondences  between  insect 
and  vertebrate  organisation.  Of  this  speculation  Cuvier 
contented  himself  with  observing  that  ®even  if  false,  it 
leads  to  active  thought  and  research*  y ( 1 )  In  1764,  the 
Theoria  Generationis  of  Y/olff  (1733  =  1774)  showed  defini¬ 
tely  that  the  development  of  the  individual  is  by  diffe¬ 
rentiation  of  new  tissues  and  not,  as  the  so-called 
Evolutionists  would  have  it,  by  the  enlargement  or 
unfolding  of  parts  already  present  in  the  embryo.  This 
latter  doctrine,  which  counted  Cuvier  and  Haller  among 
its  supporters,  was  also  called  the  theory  of  ,Emboitement 
because  by  implication  it  supposed  every  succeeding 
generation  of  individuals  to  have  been  contained  in  the 
one  originally  created.  There  were  also  differences  of 
opinion  on  the  origin  of  primary  life,  whether  brought 
miraculously  into  the  world  or  evolved  by  secondary  law; 
That  is,  was  it  a  quality  inherent  in  the  world  of  matter 
developing  according  to  laws  determined  by  its  Creator  ? 
Cuvier  maintained  the  origin  of  species  by  miraculous  crea 
tion  of  primary  individuals  and  their  extinction  not  by 
(l)  Whewell,  W. ,  op.c it .  p.483. 
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failure  to  cope  with  the  environment  but  by  the  destruc¬ 
tive  action  of  the  elements. 

Minds  everywhere  were  filled  with  the  ferment  of 

new  ideas.  What  was  needed  above  all  before  men  of 

science  could  settle  down  to  critical  analysis  and 

to 

research  was  a  great  leading  pr inc ipleA which  all  the 
Natural  Sciences  could  be  subordinated.  Many  were  those 
who  contributed  to  this  great  synthesis,  and  among  them 

A 

Goethe,  in  his  dual  role  of  poet  and  scientist,  occupies 
an  eminent  place. 

If  one  Y/ould  understand  this  seeming  paradox  of 
the  union  in  one  mind  of  qualities  usually  considered 
dissimilar,  often  held  indeed  to  be  antagonistic ,  one 
must  fathom  Goethe1 s  attitude  toward  Nature,  His 
philosophical  belief  may  be  summed  up  in  a,  short  phrase; 
’The  oneness  of  the  universe'.  This  contains  the  key 
not  only  to  his  life-long  search  for  the  working  principle 
of  Nature,  but  to  his  never-flagging  curiosity  and 
interest  in  all  her  manifestations.  That  man  is  an  integral 
part  of  the  universe  in  which  he  lives,  living,  thinking, 
developing  according  to  the  same  laws,  is  not  with  him  a 
poetical  fancy,  a  matter  purely  of  feeling.  It  is  such  a 
deep-rooted  conviction  that  it  influences  him  at  every 
step. It  explains  as  nothing  else  does  his  attitude 
towards  Art,  towards  Science,  Literature,  towards  men, 
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life  and  the  pursuit  of  happiness,  Man,  apart  from  the 
rest  of  Nature,  is  but  a  fragment,  incomplete,  incompre¬ 
hensible,  Therefore  the  proper  study  of  Mankind  is  all 
the  living  world  around  us."Der  Mensch  kennt  nur  sich 
selbst,  insofern  er  die  Welt  kennt,  die  er  nur  in  sich 
und  sich  nur  in  ihr  Gewahr  wird,  Jener  neue  Gegenstand, 
wohl  beschaut,  schlieszt  ein  neues  Organ  in  uns  auf"(l). 

And  so  instead  of  turning  his  gaze  inwards  in  contemplation 
it  is  to  the  study  of  science  that  he  turns  for  light,  for 
understanding.  Such  is  the  fount  of  his  inspiration,  such 
the  food  and  drink  on  which  his  soul,  his  genius  thrive 
and  grow  to  greatness  and  self-mastery,  "The  beautiful", 
he  says  in  his  Travels, (2) "is  to  behold  what  is  living 
and  conformable  to  law,  in  its  full  activity  and  comple¬ 
teness,  whereby  we  are  excited  to  reproduction  and  feel 
we  ourselves  are  living  and  placed  in  the  highest  state 
of  activity,"  In  ♦Poetry  and  Truth* (Dichtung  und  Wahrheit) 
le  wrjtes:  "I  had  come  to  look  upon  my  indwelling  poetic 
talent  as  a  force  of  Nature;  the  more  so  as  I  had  always 
been  impelled  to  regard  outward  Nature  as  its  proper 
Dbject" ,  "Schiller  and  Merck  both  remarked  with  justice 
that  his  faculty  was  *to  give  poetic  form  to  reality, 
while  others  seek  to  give  reality  to  the  ideal*.  His 

l)  Bedeutende  Fordernis  durch  ein  Geisreiches  Wort. 1823. 

( G o e-fche,  Na turwi ssens chad1 1 1  i ch e  S chr ift e n, Ba nd  l,p,50) 

Goethe,  Travels,  translation,  l.D, Schmidt, 

1 3)  Goethe,  Poetry  and  Truth,  translation  M.S. Smith, p. 207. 
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constant  striving  was  to  see  Nature  directly,  and  not 
through  the  mists  of  fancy^to  look  at  men  and  into  them- 
to  apprehend  things  as  they  were , 'Everywhere  in  Goethe* 
said  Franz  Horn, 'you  are  on  firm  land  or  island,  nowhere 
the  infinite  sea’., In  every  page  of  his  works  may  be 
read  a  strong  feeling  for  the  real,  the  concrete,  the 
living;  and  a  repugnance  as  strong  for  the  vague,  the 
abstract,  the  supersensuous, "(1)  As  a  part  of  Nature, 
man's  power  to  apprehend  her  in  her  entirety  is  necessa¬ 
rily  limited, Goethe  seekd  no  transcendental  road  to 
knowledge. "I  have  dedicated  my  whole  life  to  the  obser¬ 
vation  of  things  which  I  can  reach,  and  of  whose 
essentiae  formalis  I  can  ho£e  to  form  an  adequate  idea, 
without  in  the  least  troubling  myself  how  far  I  can  go" (2), 

| 

Because  of  his  intimate  sense  of  belonging,  Nature  inspires 

him  with  complete  trust.  He  is  not  tormented  faith  concepts 

«■ 

of  conflicting  moral  f orces , , , "That  which  we  call  evil  is 
only  the  other  side,  and  belongs  as  necessarily  to  its 
existence  and  to  the  whole  as  the  torrid  zone  must  burn 
and  Lapland  freeze  in  order  that  there  may  be  a  temperate 
region"(3).  Every  new  phenomenon  fills  him  with  awe  and 
wonder,  but  never  with  surprise.  "Much  as  I  find  that  is 

(ij  Lewes, The  Life  of  Goethe,  p.  51. 

(2)  'kMMf  ibid.  P.292. 

(3)  ibid.p095. 
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new,  I  find  nothing  unexpected;  everything  fits  in, 

"because  I  have  no  system,  and  desire  nothing  but  the 
pure  truth" (l).  For  him,  learning  is  pure  joy,  and 
communion  with  Nature  partakes  of  what  has  been  called 
Treligious  experience’  .  "Me",  he  writes  to  Jacobi,  "God 
has  blessed  with  science,  that  I  may  be  happy  in  the 
contemplation  of  his  works"  (2).  He  can  not,  however, 
conceive  the  Creator  apart  from  the  creation.  "Wir  konnen 
bei  Betrachtung  des  Weltgebaudes  in  seiner  weitesten 
Ausdehnung,  in  seiner  letzten  Teilbarkeit  uns  der 
Vorstellung  nicht  erwehren,  dasz  dem  G-anzen  eine  Idee  zum 
Grund  liege,  wornach  Gott  in  der  Natur,  die  Natur  in  Gott, 
von  Ewigkeit  zu  Ewigkeit,  schaffen  und  wirken  moge".(3) 

I 

And  because  in  him  learning  is  insensibly  transmuted  into 
feeling,  he  finds  it  at  times  difficult  (as  he  admits 
himself)  to  draw  a  clear  line  of  demarkation  between  the 
objective  and  the  subjective,  between  idea  and  experience; 
and  because  it  is  his  nature  to  put  into  words  all 
experience,  he  sings  as  spontaneously  of  the  secrets  of 
Nature  as  he  sings  her  praises;  and  the  themes  of  scienti¬ 
fic  thought  fun  through  his  verse  beside  those  of  ancient 

(1)  He  wrote  from  Rome,  where  he  saw  a  Chimpanzee:  "It  was 
exactly  what  I  had  expected,  bat  there  are  far  more  wonder¬ 
ful  things  all  about  us  which  pass  unnoticed  because  less 
closely  related". 

(2)  Lewes,  Goethe,  p.292 

(3)  Bedenken  und  Ergebung, 1820,  Goethe,  op :c it .  p.46. 
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legend  and  folk  lore,  or  of  the  most  powerful  and  moving 
human  passions.  Whether  he  write  of  the  wonders  of  the 
plant  world  or  of  the  ineffable  peace  which  broods  on  the 
mountain  heights,  he  writes  out  of  the  fullness  of  his 
heart:  wherefore  it  is  perhaps,  that  such  accents  may  fall 
with  unconvincing  sound  upon  ears  better  attuned  to  the 
harshness  of  technical  terms  than  to  the  musical  cadence  of 
fine  poetry. 

Of  course  the  question  may  now  be  raised  (and  with  some 
justification)  whether  his  temperament  and  his  peculiar 
attitude  towards  Nature  would  not  be  incompatible  with  the 
clear,  objective,  literal  sort  of  thinking  required  of  a 
scientist,  and  what  influence  his  philosophical  beliefs 
may  have  had  upon  his  scientific  viewpoint.  This  is  the  way 
he  himself  defines  the  task  of  the  scientist:  "Er  hat 
gerade  die  umgekehrte  Pflicht  eines  Schr if tstellers ,  der 
unterhalten  will,  Dieser  wird  Langeweile  erregen,  wenn  er 

nichts  zu  denken  ubriglaszt,  jener  musz  rastlos  arbeiten, 

1 1 

als  wenn  er  seinen  Nachf olgern  nichts  zu  tun  ubriglassen 
wollte"  (l).  The  proper  function  of  a  scientist  is  to 
search  for  truth,  extend  the  field  of  human  knowledge, 
integrate  discovered  facts,  and  make  new  discoveries  fully 

( 1 )  Der  Versuch  als  Vermittler  von  Qb.jekt  und  Subjekt 

Goethe;  op.cit* ,  I,  p.32. 
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accessible  to  the  rest  of  humanity  (l).  In  speaking  of 
of  his  work  on  Colour,  he  says:  "Meine  Absicht  ist:  alle 
Erfahrungen  in  diesem  Fache  zu  sammeln,  alle  Versuche 

I 

selbst  anzustellen  und  sie  durch  lhre  grosste  Mannigf alt lg- 
keit  durchzuf uhren,  wodurch  sie  denn  auch  leicht  nachzuma- 
chen,  und  nicht  aus  dem  Gesichtskreise  so  vieler  Menschen 
hinausgeruckt  sind.  (2)rf*.Uot  only  that  but  the  facts  must 
be  arranged  systematically  and  interpreted  in  their  relatior 
to  some  great  general  principle.  "Auf  diese  Weise  wird 
unterschieden  was  zu  unterscheiden  ist,  und  man  kann  die 
Sammlung  von  Erfahrungen  viel  schneller  und  reiner  vermehren 
als  wenn  man  die  spateren  Versuche,  wie  Sterne,  die  nach  ei- 
nem  geendigten  Bau  herbeigeschaf f t  werden,  unbenutzt 
beiseite  legen  musz'’.(3).  Isolated  facets,  he  points  out, 
can  by  'wit*  and  ’fancy’  be  made  to  support  a  false 
assumption.  Therefore  in  making  an  investigation,  one  must 
not  only  take  into  account  the  evidence  which  is  in 
agreement  with  the  hypothesis,  but  no  known  fact  must  be 
ignored  which  is  in  contradiction  with  it.  Although  his 
merit  is  preeminently  that  of  a  thinker  in  Science,  not 

(1)  This  last  is  highly  characteristic.  Knowledge,  as  well 
as  Art  was  to  Goethe  a  means  to  the  end  of  self  culture. 
Through  it,  and  through  the  exercise  of  his  creative 
faculties,  man  attains  his  fullest  stature,  and  thereby 
approaches  most  nearly  to  the  divine. 

(2)  Per  Versuch  als  Vermittler,  Goethe,  op.cit. ,p.55 

( 3 )  P^fc,  Versuch  als  Vermittler  von  Qbjekt  und  Sub.jekt 

Goethe,  op.  cit.  I ,  p.34 
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* 

that  of  an  industrious  collector  of  details,  he  did  know, 

from  practice  as  well  as  theory  ,  the  conditions  of  valid 

// 

experimentation.  "Der  Wert  eines  Versuchs  besteht  vorzug- 
lich  darin,  dasz  er,  er  sei  nun  einfach  Oder  zusammengesetzt 
unter  gewissen  Bedingungen  mit  einem  bekannter  Apparat 
und  mit  erfordlicher  Geschicklichkeit  jederzeit  wieder 
hervorgebracht  werden  ktinne,  sooSft  sich  die  bedingten  Um- 
stande  vereinigen  lassen".  (1)  The  quality  of  his  thought 
processes,  in  special  reference  to  scientific  activities, 
is  well  defined  in  the  words  of  one  of  his  contemporaries, 
quoted  by  Goethe  in  an  Essay:  "Herr  Dr.  Heinroth  in  seiner 

’ Anthropologie" . spricht  von  meinem  Wesen  und  Wirken 

guns tig,  ja,  er  bezeichnet  meine  Verfahrungsart  als  eine 

//  //  /*  H 

eigentumliche :  dasz  namlich  mein  Denkvermogen  gegenetandl ich 

tatig  sei;  womit  er  aussprechen  will,  dasz  mein  Menken  sich 

von  den  Gegenstanden  nicht  sondere,  dasz  die  Elemente  der 
// 

Gegenstande,  die  Anschauungen  in  dasselbe  eingehen  und  von 
|ihm  auf  das  innigste  durchdrungen  werden,  dasz  mein 

(2) 

Anschauen  selbst  ein  Denken,  mein  Denken  ein  Anschauen  sei". 


( 1)  D’fcA  Versuch  als  Yermittler  von  Qbject  und  Sub.jekt, 

Goethe,  op.  cit,  I,p.2§. 

(2)  Bedeutende  Fordernis  durch  ein  einziges  Geistreiches 
Wort,  Goethe,  op.cit. ,I,p.50 

^  *n/l/hat  Buff  on  says  of  Pliny  may  truli?-  be  said  of  Geethe, 
that  he  had  ’cette  facilite'  de  penser  en  grand  qui  multi- 
plie  la  science"  (Lewes  op.cit.  p,368). 
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He  was  not  naturally  enclined  to  Mathematics.  This 
may  be  a  reason  for  his  lack  of  sympathy  with  Newton’s 
theory  of  Light.  Goethe  felt  that  Light  and  Colour  belonged 
essentially  in  the  field  of  sensuous  phenomena  and  that  as 
such  they  could  only  be  properly  understood  and  explained 
from  the  point  of  view  of  Physiology.  Though  he  knew,  like 
Bacon,  that  the  evidence  of  the  senses  is  not  always  to  be 
trusted,  he  would  not  have  agreed  with  Galileo  that  "the 
book  of  Nature  is  written  in  characters  of  Geometry".  His 
lack  of  success  in  the  field  of  Physics  has  been  attributed 
to  an  innate  lack  of  patience.  It  seems  to  me  that  such  a 
statement  is  at  best  of  a  relative  value.  This  man  literally 
’took  all  knowledge  for  his  province’;  he  sought  self¬ 
development  not  only  in  Science  but  in  artistic  production, 
which  he  mastered  in  the  highest  degree;  throughout  the 
greater  part  of  his  life  he  devoted  an  amazing  amount  of 
time  and  energy  to  public  duties  and  the  endless  demands 
of  friends  and  others.  There  was  no  aspect  of  the 
intellectual  life  of  his  time  in  which  he  did  not  fully 
share,  and  to  which  he  did  not  actively  contribute  in 
greater  or  lesser  degree.  When  he  decides  that  the  problem 
of  Light  and  Colour  has  been  studied  from  the  wrong  angle 
he  proceeds  to  build  up  anew  the  science  entirely  from 
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original  experiments.  It  was  not  so  much  his  nature  to 
concentrate  long  on  minute,  detailed  analysis  of  phenomena 
as  to  observe,  and  establish  relationships.  And  it  must  be 
admitted  that  he  did  devote  the  best  of  a  long  life  to 
the  task  that  was  then  the  most  important,  that  is,  the 
discovering  of  a  leading  idea  to  which  the  Natural  Sciences 
could  be  subordinated.  Whether  he  accomplished  this  task  can 
best  be  considered  with  reference  to  his  labours.  These  also 
show  how  gradually  the  idea  took  shape  in  his  mind,  how 
slowly  it  grew  until  finally  it  became  a  clear  shining 
light  which  illumined  the  whole  living  Universe.  It  may  be 
that  TPoets  have  short  cuts  to  truth  that  are  denied  the 
plodding  men  of  science1.  All  men  of  science,  however,  are 
not  plodders,  and  on  the  road  to  kno?rledge  Goethe  found  no 
short  cuts. 

The  level  of  scientific  knowledge  at  the  beginning  of 
the  19th  century  was  rapidly  rising,  the  fields  of  the 
(Naturalist,  of  the  Physicist,  of  the  Historian  were 

I 

Decoming  so  vast  that  they  must  soon  become  subdivided. 
"Schon  eine  Wissenschaft  an  und  fur  sich  selbst  eine  so 
jrosse  Masse,  dasz  sie  viele  Menschen  tragt,  wen n  sie 
cein  Mensch  tragen  kann".  (l)  Goethe  stands  at  the 
[l)  Per  Versuch  als  Vermittler,  Goethe,  op.cit. ,1  p,  27. 
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threshold  of  an  age  of  specialization  which  he  himself 
foresees,  probably  the  la.st  of  the  few  men  who  have 
succeeded  in  mastering  all  the  knowledge  of  their  time,  the 
last  of  the  Universal  Minds. 
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THE  PREMAXILLA 

It  is  in  his  osteological  papers  that  Goethe  comes 

nearest  to  the  spirit  and  method  of  modern  research.  A  keen, 

* 

practiced  eye,  an  open  mind,  unprejudiced  and  eager  for  the 
truth,  work  in  harmony  to  produce  happy  results.  As  early  as 
'ns  first  student  year  in  Leipzig  he  had  become  interested 
in  Anatomy.  "At  the  table  where  he  dined  daily,  kept  by 
Hofrath  Ludwig,  the  rector,  he  met  several  medical  students. 
He  heard  little  talked  of  but  fftedicine  and  Botany,  and  the 
names  of  Haller,  Linnaeus  and  Buff on  were  incessantly  cited 
with  respect.  His  ready  quickness  to  interest  himself  in  all 
•;hat  interested  those  around  him  threw  him  at  once  into  these 
studies,  which  heres,fter  he  was  to  pursue  with  passionate 
ardour,  but  which  at  present  he  only  lightly  touched, (l) 

And  so  all  through  his  student  years,  here  and  in 
Etrassbourg,  the  future  jurist  devoted  a  large  portion  of 
his  time  to  attending  lectures  on  the  Natural  Sciences  and 
Medicine,  After  his  graduation,  however,  his  interest  in 
Anatomy  remained  more  or  less  in  abeyance  for  some  years. 

In  1774  he  met  Lavater  who  was  attracting  a  great  deal  of 
attention  with  his  theories  of  physiognomy.  The  young  man 
was  deeply  impressed,  and  was  induced  to  prepare  a  number  of 
1)  Lewes,  o o.  cit.,  p.  38 
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plates  destined  to  illustrate  the  great  work,  "Lavater 
himself,  the  most  successful  investigator  of  the 
superficial  organs,  perceived  that  the  form  of  the  muscles 
and  skin,  and  the  effect  produced  by  them,  must  entirely 
depend  upon  the  definite  structure  of  the  bones  beneath. 

The  skulls  of  several  animals  were  given  as  illustrations 
in  his  work,  and  he  advised  me  to  bestow  a  glance  at  them, 
(l)  He  later  gives  an  account  of  these  studies  and  Lavater* 

^  i  I 

6  ideas  in  writings  which  remained  as  detached  fragments 
(1774-1775).  The  execution  of  the  drawings  required  by 
Lavater  necessitated  some  preliminary  labour  on  the  part 
of  Goethe.  He  had  to  improve  his  technique  in  draughtsman¬ 
ship  and  the  results  show  that  he  thoroughly  mastered  it. 
These  studies  revived  his  interest  in  Comparative  Anatomy 
and  doubtful  points  came  once  more  into  focus.  It  was  an 
accepted  dictum  that  the  premaxilla,  an  important 
component  of  the  upper  jaw  in  most  vertebrates  was  absent 
in  man.  How  Goethe,  ever  a  discerning  observer,  felt  the 
great,  essential  unity  underlying  the  more  superficial 
differences  which  make  for  such  infinite  variety  of  forms 
in  Hature  and  his  studies  had  fully  confirmed  him  in  this 
attitude.  In  detailed  comparison  of  various  types  of 
(1)  Goethe,  Travels,  (trans,  L.D. Schmidt)  p.227. 
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vertebrate  skulls  (his  mind  eminently  gifted  with  the 
ability  to  visualize  things  as  a  whole  could  be  analytical 
enough  upon  occasion)  he  had  noted  that  although  the  shape 
of  the  bony  elements,  their  size,  may  vary,  their  relative 
position  did  not.  Certain  parts  might  become  greatly 
reduced,  developed  to  the  point  of  exaggeration,  they 
might  become  more  or  less  fused  for  greater  strength,  and 
even  to  all  appearances  lose  their  identity,  but  to  the 
practiced  eye,  their  presence  could  always  be  demonstrated 
at  some  stage  of  development.  The  premaxilla  contained  in 
all  cases  the  incisor  teeth.  Man  like  all  other  vertebrates 
has  incisor  teeth:  why  should  he  not  also  possess  in  common 
with  them  the  bone  in  which  these  are  otherwise  universally 

found?  " - da  nun  aber  genannter  Teil  darum  haupt- 

sachlich  merkwurdig  ist,  weil  die  obern  Schneidezahne  darin 
gefaszt  sind,  so  war  nicht  begreiflich,  wie  der  Mensch 
Schneidezahne  haben  und  doch  des  Knochens  ermangeln  sollte, 

n 

worin  sie  eingefugt  stehen. "  (1)  Even  an  elementary  study 
of  Comparative  Anatomy  reveals  homologies  far  more  deeply 
concealed.  To  Goethe,  convinced  that  Nature  does  not  crea,te 
a  new  model  for  trifling  reasons,  this  was  a  challenge. 


» * 

(l)  Tiber  den  Zwischenkief er ,  Goethe  op.  cit.,I,  p.  480. 
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The  collection  of  skeletons  in  the  Museum  of  Natural 
History  in  Weimer  offered  some  facilities  for  observation^ 
a.nd  Goethe  also  went  to  Jena  where  under  Loder  he  worked 
with  enthusiasm  and  industry.  In  1^84  his  investigations 
were  crowned  with  success,  and  in  1$86  he  embbk)ii@ei  his 
findings  in  an  essay  which  can  still  hold  an  honorable 
place  among  Scientific  Papers  of  our  own  day.  ’’Goethe  was 
not  only  guided  by  the  true  philosophic  conception,  he  was 
also  instinctively  led  to  the  true  method  of  demonstration, 
namely,  comparison  of  the  various  modifications  which  this 
bone  underwent  in  the  animal  series.  This  method  of 
demonstration  has  now  become  the  method  and  we  require  to 
throw  ourselves  into  the  historical  position  to  appreciate 
its  novelty  at  the  time  he  employed  it,”  (1) 

With  character ist ic  thoroughness  he  begins  with  a 
historical  account  of  the  opinions  held  on  the  subject. 
Discussing  Galen’s  ’’Buchlein  von  deqrt  Knochen”  he  complains 
|that  although  the  skeleton  is  well  represented,  the  t§xt 
accompanying  the  drawings  is  lacking  in  order  and  clearness; 
terms  are  not  well  defined.  There  are  however,  unmistakable 
indications  that  Galen  did  note  something  of  the  divisions 
of  the  upper  jaw* 

(l)  Lewes,  op.c it *  p,  347. 
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To  condense  into  a  brief  paragraph  Goethe’s  more 
lengthy  account:  Galen  (A.D,  131-201)  finds  that  the  maxili 
lae  contain  the  alveoli  of  all  the  teeth  with  the  exception 
of  the  incisors.  He  defines  these  as  the  four  front  teeth, 
but  gives  no  clear  description  of  the  particular  bone  in 
which  they  are  embedded.  He  also  describes  a  suture 
beginning  at  the  nasal  aperture  and  ending  betvreen  the 
incisors  and  the  canines  on  both  sides  of  the  face.  Most 
of  Galen's  work  in  dissection  having  dealt  with  dogs, 
monkeys  and  swine,  there  have  been  doubts,  shared  by  Goethe 
that  his  observations  were  really  based  on  the  study  of 
human  bones.  HowSver,  Galen  claims  that  he  did  examine  a 
human  skeleton  in  Alexandria,  where  he  journeyed  to  procure 
improved  anatomical  equipment .( 1 ) 

For  several  centuries,  Galen's  authority  was 
accepted  as  final.  Far  from  questioning  the  accuracy  of 
his  observations,  other  writers  confidently  repeated  his 
statements  without  troubling  to  verify  them.  In  1536,  Syl¬ 
vius  stated  that  he  had  observed  the  premaxillary  suture 
upon  the  facial  aspect  of  many  human  adult  skulls.  Several 
yea.rs  later  Yesalius,  in  his  highly  original  work 

(l)  Galen  was  really  not  the  first  to  mention  the 
premaxillary.  Rufus  of  Ephesus,  (A.D,  98-117)  after  giving 
an  accurate  description  of  the  zygomax illary  suture, 
observes  that  two  other  sutures,  scarcely  visible,  are 
present  on  both  sides  of  the  face,  on  either  side  of  the 
narial  aperture. 
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*;Fabrica  humani  Corporis*,  subjected  Galen*  s 1  Anatomy" 
to  a  thorough  and  searching  criticism.  In  his  lengthy 
section  on  the  superior  maxilla,  he  describes  the 
exomesognathic  portion  of  the  premaxillary  suture  upon  the 
palate  of  man,  but  absolutely  denies  the  existence  of 
premaxillary  suture  lines  upon  the  facial  aspect  of  the 
human  skull  as  described  by  Galen.  He  points  out  that 
throughout  his  work,  he,  (Galen),  gives  us  rather  the  ana,to 
my  of  Apes  than  that  of  Man.  "One  ought  to  know, "  he  had 
written  in  his  treatise  on  anatomy,  "the  structure  of  all 
the  bones  either  in  the  human  body  or  in  the  apes,  t’is 
best  in  both.,,"  but  Vesalius  doubts  that  the  master  lived 
up  to  his  own  teaching. 

Under  the  circumstances,  it  is  perhaps  not  surprising 
that  Sylvius  chose  to  consider  this  challenge  to  hallowed 
tradition  as  a  personal  affront.  But  instead  of  meeting 
the  objections  by  a  demonstration  of  the  facts,  "he 
delivered  himself  of  an  attack  upon  Vesalius  so  vitriolic 
that  it  probably  remains  unique  and  unparalleled  in  the 
annals  of  scientific  literature."  (l)  Of  the  vexatious 
question  of  the  premaxilla,  he  says  that  "even  though  the 
(l)  Montagu,  The  Premax  ilia,  in  the  Primates,  p.  37. 
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facial  structures  may  no  longer  be  present  on  the  skulls 

of  contemporary  man,  there  can  be  no  doubt  that  they  were 

observable  on  the  skull  of  man  in  Galen1 s  day.”  (l) 

The  disappearance  of  the  bone  was  due  to  man* s  depraving 

tendencies,  to  luxury  and  sensuality* 

Thus  began  a  long  controversy  in  which  the  existence 

of  the  premaxilla  is  alternately  by  one  affirmed,  by  the 

other  denied.  "In  the  first  part  of  the  18th  century, 

Robert  Nesbitt  gives  (1736)  a  cursory  description  of  the 

completely  isolated  premaxilla  in  a  human  foetus  entering 

upon  its  fourth  month.  In  this  specimen,  the  premaxillary 

sutures  could  be  distinctly  seen  upon  the  facial  aspect 

of  the  skull,  Albinus  in  1737  described  and  figured  the 

endofacial  portion  of  the  premaxillary  suture  which 

in  his  specimen,  0.  young  individual,  extends  as  far  as  the 

ridge  of  the  inferior  nasal  concha,.”  (2) 

However,  such  opinions  were  still  far  from  general 

acceptance  among  the  biologists  of  Goethe1 s  day. 

Blumenbach,  in  the  thesis  which  made  him  famous  as  the 

founder  of  modern  Anthropology,  has  this  to  say  of  the 

premaxilla:  "That  particular  bone  in  which  the  incisors  are 

fl)  Montagu,  op,  cit.,  p.  37. 

(2)  Monta.gu,  op,  cit.,  p.  38. 
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lodged  deserves  particular  attention.  This,  man  is  without, 
although  all  the  apes  and  most  of  the  mammals  possess  it. 

I  doubted  whether  the  orang-outang  was  equipped  with  this 
bone,  since  in  the  figures  of  Tyson  and  Daubenton,  the 
skulls  were  not  drawn  in  such  a  way  as  to  render  the 
sutures  distinguishable:  nor  did  the  English  author  speak 
precisely  about  it:  but  his  Excellency  Er.  Gabr.  Sulzer 
has  settled  the  point  for  he  kindly  writes  me  word  that 
Camper,  a  great  authority,  has  dissected  animals  of  this 
kind  and  found  this  bone  in  them."  (1)  Camper  himself 
writes  "Ich  besitze  in  meiner  Sammlung  Ko'pfe  von  Hegern, 
Hottentoten,  Kalmucken,  Molucken,  Chinesen,  und  von  einer 
grossen  Anzsh.1  neu  --  und  ungeborner  europaeischett.  Kinder, 
ohne  jemals  einen  einzeigen  Beweis  dieser  Trennung  darin 
gesehen  zu  haben." (2) 

Goethe  was  thus  the  first  to  use  the  comparative 
method.  His  essay  is  amply  illustrated  with  drawings  of 
the  skulls  of  the  ox,  the  goat,  the  camel,  the  horse, 
wolf,  polar  bear,  walrus,  of  the  ape,  and  man,  showing  the 
upper  part  of  the  cranium  in  both  exterior  and  interior 
aspects, 

(l)  Montagu,  op.  cit.,  p.  39. 

(2.")  ibid,  p.  39, 
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In  order  to  record  his  observations  in  an 
intelligible  manner,  he  devised  a  minutely  complete  Latin 
nomenclature  for  all  parts  of  the  bone  in  question,  and 
then  made  a  chart  which  shows  at  a  glance  its  variations 
in  shape  or  size  from  all  aspects  in  the  various  skulls 
examined.  He  found  a  correlation  between  the  development 
of  the  bone,  the  size  and  form  of  the  teeth,  and  the 
animal1 s  nutrition.  He  observed  on  the  skulls  of  foetuses 
and  newly  born  children  some  traces  of  the  sutures,  and 
noted  those  of  the  palatal  aspect  of  the  skull.  (2) 

H 

"Selbst  an  den  Schadeln  ungeborner  oder  junger  Kinder 

findet  sich  doch  eine  Spur,  quasi  rudiment  uni,  des  Qssis 

intermaxillar is ;  je  unreifer  die  Embryonen,  desto  deutlich- 

er - bei  erwachsenen  jugendlichen  Kopfen  ist'doch  oft 

nach  vorn  am  Gaum  eine  Sutura  spuria  zu  merken,  welche, 

die  vier  incisores  gleichsam  vom  iibrigen  limbus  dentium 

absonderf. 11  (3)  He  found  moreover  that  in  some  animals  the 

premaxilla  was  not  separated  from  the  maxilla  and  that  even 

in  children  the  boundaries  were  not  traceable  from  the 

1 1 

exterior  aspect.  "Ich  ha.be  verschiedene  Falle,  wo  dieser 

(2)  There  were  no  drawings  to  show  the  record  of  this 
in  the  available  edition  of  his  Essays. 

(3)  Uber  den  Zwischenkief er ,  Goethe,  op.  cit.,  I,  p.  473, 
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Knochen  auch  bei  Tieren  zum  Teil  oder  ganz  verwachsen  ist, 
bemerken  konnen. . , ,  .Auch  gibt  es  mehrere  Falle7dasz 
Knochen,  die  sich  bei  erwachsenen  Tieren  leicht  trennen 
lassen,  schon  bei  Kindern  nicht  mehr  abgesondert  werden 
konnen” ( 1 ), "Es  wird  also  kein  Zweifel  ubr igbleiben,  dasz 
diese  Knochenabteilung  sich  sowohl  bei  Menschen  als 
Thieren  findet,ob  wir  gleich  nur  einem  Theil  der  Grenzen 
dieses  Knochens  an  unserem  Geschlechte  genau  bestiimnen 
konnen,  da  eiie  ubrigen  verwachsen  und  mit  der  obern 
Kinnlade  auf  das  genaueste  verbunden  sind,  so  zeigt  sich 
an  den  aussern  Teilen  der  Gesichtsknochen  nicht  die 
mindeste  sutur  oder  Harmonie,  wodurch  man  auf  die 

it 

jlfiutmaszung  koimnen  konnte,  dasz  dieser  Knochen  bei  dem 
Menschen  getrennt  sei”(2). 

He  extended  his  observations  to  other  forms  than 

/n  his 

bhose  mentioned  and  represented^by  drawings:  "Bei  den 
Getaceis,  Amphibien,  Vogeln,  Fischen,  habe  ich  dieseno 
Knochen  teils  auch  entdeckt,  teils  seine  Spuren  gef unden” . ( 3 
"here  is  no  abrupt  transition,  Ho  matter  how  far  removed 
from  one  another  two  different  types  may  seem,  yet  they  are 
w 

(1)  Uber  den  Zwieachenkief er.  Goethe,  op.cit. , I, p.469. 

i  2  J  ibid,  p.468. 

( 3 }  ibid,  p.469. 
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link  ed.  together  by  intermediary  forms.  “Welch  ein  Kluft 
zwischen  dem  os  intermax illare  der  Schildlfcote  und  des 

. .  ■■■  mi  ■  ....  . .  A 

ElefantenJ  Und  doch  l&szt  sich  eine  Reihe  Eormen 
dazwichen  stellen,  die  beide  verbindet."  (l) 

He  noted  in  his  series  of  skulls  how  the  premaxilla 
which  attains  large  proportions  in  some  forms,  the  face 
being  elonga.ted,  and  the  snout,  prolonged  forward, 
(especially  where  the  incisors  play  an  important  part, 
e.g.  in  rodents)  undergoes  a  gradual  reduction  with  the 
retreat  of  the  snout.  The  walrus  with  its  almost  perpendi¬ 
cular  face  shows  already  an  approach  to  the  facial 
conformation  of  the  human  skull. 

In  the  apes  the  resemblance  is  so  close  that  he  could 
anticipate  no  difference  in  structure  in  the  case  of  man 
other  than  a  greater  degree  of  reduction  in  size,  of 
fusion  with  the  neighboring  maxillary  nasal  bones, 
bringing  about  the  more  or  less  complete  obliteration 
of  sutures.  Later  researches  have  fully  corroborated 
Goethe1 s  observations. 

The  final  and  crucial  point  of  enquiry  is  the 
examination  of  a  human  maxilla  of  advanced  age,  viewed  from 
the  interna-1  or  medial  aspect,  showing  clearly  the 
incisive  foramen  and  the  suture  which  extends  along  the 
(1)  Uber  den  Zwischenkief er ,  Goethe,  op.  cit.,  p.  469. 
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ascending  process  of  the  Maxilla.  "Man  seht  ganz 
deutlich  die  Sutur,  die  das  Qs  intermaxillare  von  der 
Apophysi  palatina  maxillae  superior is  trennt.  Sie  kommt 
sus  deni  Canal is  incisivus  heraus,  deren  untere  dffnung 
in  ein  gemeinschaf tliches  Loch  zusaramen  flieszt,  das  den 
Hamen  des  Foraminis  incisivi  oder  palatini  anterioris 
Oder  gustativi  fuhrt,  und  verliert  sich  zwischen  dem  Hunds 
--  und  zweiten  Schneidezahn. "  (1)  (  p.30,  Fig.  1.) 

The  task  was  now  completed .(2)  --  Exultantly  he  writes 
to  his  friend  Herder,  on  March  27th,  1784.  "I  hasten  to 
tell  you  of  the  fortune  that  has  befallen  me,  I  have 
found  neither  gold  nor  silver,  but  that  which  gives  me 
inexpressible  joy,  the  os  intermaxillare  in  Man*  I 
compared  the  skulls  of  men  and  beasts,  in  company  with 
Loder,  came  on  the  tra.ce  of  it,  and  see,  there  it  is*"  (3) 

Happy  to  have  contributed  something  to  the 
advancement  of  Science,  doubly  gratified  to  have  at  the 
same  time  confirmed  the  grand  principle  of  the  Unity  of 
Nature  in  showing  that  no  essential  structural  differences 
could  be  found  between  man  and  other  mammals,  in  sending 
Knebel  his  discovery  he  writes:  "Indeed  man  is  most 

1 1  fg 

fl}  Uber  den  Zwischenkief er«  Goethe,  op.  cit.,  I,  p.469, 

(2)  Goethe  also  published  other  papers  on  the  premaxilla 
concerning  the  relationship  of  this  bone  to  varieties  of 
cleft  palate, 

(3)  Lewes,  G.  H.,  The  Life  of  Goethe,  p,  290. 
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Fig. 1-  Human  pre-maxilla  in 
a  specimen  of  advanced  age. 

A-  incisive  foramen; 


B-C--the  suture  which 
extends  along  the 
ascending  process  of 
the  maxilla; 

D-  the  maxillary  sinus. 

(Drawing  after 

Vicq  D’Azyr) 


intimately  allied  to  animals.  The  co-ordination  of  the 
whole  makes  every  creature  to  be  that  which  it  is,  and  man 
is  as  much  man  through  the  form  of  his  upper  jaw,  as 
through  the  form  and  nature  of  the  last  joint  of  his 
little  toe.  And  thus  is  every  creature  but  a  note  of  the 
great  harmony  which  must  be  studied  in  the  "Whole,  or  else 
it  is  but  a  dead  letter.  From  this  point  of  view  I  have 
written  the  little  Essay,  and  that  is,  properly  speaking, 
the  interest  which  lies  hidden  in  it."  (l) 

This  was  his  first  important  accomplishment  in  the 
field  of  science,  the  prelude  to  his  discoveries  of  the 
Metamorphosis  of  plants  and  the  vertebral  theory  of  the 
skull,  all  three  resting  on  the  same  mode  of  conceiving 
Nature.  He  goes  on  henceforth  with  a  serene  sureness 
(l)  Lewes,  op.  cit.,  p.  290. 
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that  he  is  on  the  right  path,  "All  his  efforts  to 
obtain  the  recognition  of  his  discovery  of  the  os 
intermaxi Hare  among  specialists  failed,  except  in  the 
case  of  his  teacher  Loder  (1)  It  was  sent  in  December 
of  the  same  year  to  Merck,  to  Sommering  and  then  to  Camper 
at  Stavoren,  Holland,  who  received  it  in  September  1785, 
From  Sommering,  Goethe  "received  a  very  light  letter.  He 
even  wants  to  talk  me  out  of  it.  Humph*  "  (2) 

It  was  treated  by  Blumenbach  with  contemptuous 
disbelief.  Camper,  to  whom  the  manuscript  was  sent 
anonymously,  found  that  it  was  "tres  elegant,  admirable- 
ment  bien  ecrit,  c’est  a  dire  d’une  main  admirable,"  but 
thought  a  better  Latin  style  desirable.  He  did  however 
"subject  the  treatise  to  a  thorough  test,  making  a  new 
investigation  of  skulls  of  various  ages,  but  he  held 
fast  his  old  view  that  man  has  no  intermaxillary  bone. 

In  other  respects  he  confirmed  all  of  Goethe’s 
observations  even  that  concerning  the  walrus,  in  which 
the  bone  had  not  been  recognized  because  of  its 
compressed,  misshapen,  form,  and  of  which  it  had  also 
been  said  that  it  had  no  incisor  teeth,  Goethe  remarked 

(1)  Loder  announced  the  discovery  to  the  scientific  world 
in  his  "Anatomisches  HandbuchH788"  (Bielschowsky,  A., 

The  Life  of  Goethe,  p,  90,  _ ,  «  -  - . 

(2)  Letter  to  Merck  Feb,  13,  1785, (Bielschowsky,  op.  cit, 
p.  89). 
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that  judging  by  the  form  of  the  os  intermaxillare  one 
must  ascribe  to  the  walrus  four  incisors.  Camper 
considered  this  remark  likewise  correct  and  wrote  to 
Merck:  "Votre  ami,  je  suppose  M. Goethe,  nous  a  mis  en 
tram  et  a  l’examen  d’un  os  qui  serait  reste^  inconnu 
dans  le  morse  si  nous  n’avions  pas  eu  ces  4claircissements 11 , 
But  he  continued  to  affirm  that  "L’os  intermaxillaire 
n’existe  pas  dans  1 ’homme" . ( 1 ) 

Goethe’s  Essay  was  not  published  until  1820, "Sommer ing 
and  Blumenbach  gradually  became  converted,  but  it  was 
almost  40  years  before  his  discovery  attained  full  recogni¬ 
tion'^^)  Such  indifference  on  the  part  of  those  whom  he 
might  reasonably  have  expected  to  be  vitally  interested 
had  undoubtedly  a  great  deal  to  do  with  his  stubborn 
refusal,  in  later  years, to  take  into  account  the  criticisms 
of  his  Colour  Theory,  There  was  here,  at  least,  no  question 
about  the  validity  of  delicate  experiments.  All  was 
plainly  revealed  to  the  naked  eye,  or  so  it  seemed  to 
him.  Indeed  it  says  little  for  the  inquiring  spirit  of 
the  scientific  lights  of  the  time  that  most  of  them 
neglected  to  investigate  the  matter  and  ignored  for  so 
long  what  was  later  accepted  as  an  incontrovertible 
demonstration.  Such  is  the  power  of  tradition  and,  alas, 

(1)  Bielschowsky,  op.cit. ,p.89. 

(2)  ibid,  p.83. 
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the  vanity  of  great  men,  who  are  sometimes  willing  to 
sacrifice  the  truth  to  the  preservation  of  personal 
prestige.  It  is  no  matter  for  wonder  that "Goethe  began 
to  despise  the  pedantry  of  professional  men  who  would 
deny  the  testimony  of  their  five  senses  in  favour  of  an 
old  doctrine;  and  he  admirably  says:’ The  phrases  men  are 
accustomed  to  repeat  incessantly  end  by  becoming  convic¬ 
tions,  and  ossify  the  organs  of  intelligence '  M.(l ) 

Although  Goethe  had  demonstrated  conclusively  the 
existence  of  the  premaxilla  in  man,  much  yet  remained  to 
be  cleared  up. It  was  not  until  recently  that  the  last 
disputed  points  were  settled  once  for  all  in  a  compre¬ 
hensive  and  comparative  study  of  the  bone  in  man  and  the 
rest  of  the  primates,  covering  the  embryological  develop¬ 
ment  of  the  premaxillary  elements  in  the  upper  jaw  and 
the  manner  in  which  the  fusion  takes  place  with  the 
maxillae. ( 2) 

In  his  paper,  Mir,  Montagu  gives  a  very  fine  and 
exhaustive  account  of  the  work  done  since  Goethe’s  time, 
and  in  the  following  pages  I  have  drawn  on  his  historical 
notes  unless  otherwise  indicated.  (3)  It  will  be  sufficient 

(l)  Lewes,  op.  cit. ,  p.345. 

"Indeed"  says  Goethe  ( Travels  p.9l)"I  have  always 
remarked  that  business  men  and  men  of  the  world,  who  have 
many  things  laid  before  them  extempore,  and  consequently 
are  always  on  their  gjtard  again&t  being  deceived, are  much 
easier  to  talk  to  even  on  scientific  matters  than  other 
men,  because  they  keep  their  minds  free,a.nd  listen  to  the 
person  speaking  without  any  other  interest  than  a  desire 

cont.p.34. 
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to  cite  the  publications  which  add  something  new  or 


relevant  to  what  Goethe  had  already  suggested.  Even  more 
than  half  a  century  after  the  publication  of  Goethe’s 
Essay  his  ideas  were  still  rejected  by  some  Comparative 
Anatomists,  Lawrence  in  1884,  after  discussing  the  bony 
structure  of  various  mammals  ridicules  the  notion  that 
man  possesses  anything  analogous  to  the  intermaxillary 
bone  in  these  animals.  At  the  same  time,  he  mentions  the 
fact,  which  had  escaped  Camper,  that  the  bone  is  equally 
unobservable  in  the  Chimpanzee. 

Embryology  was  assuming  more  importance  with 

improvement  in  scientific  technique, and  the  next  work 

on  the  premaxilla  was  Leidy* s  short  paper  in  18 §4  in 

which  he  gives  a  perfect  description  of  the  complete 

and  independent  bone  in  man,  and  goes  on  to  describe 

the  sutures  and  their  gradual  disappearance  on  the  facial 

aspect  as  the  premaxilla  becomes  anchylosed  with  the 

maxilla,  traces  of  the  interarticulation  persisting 

longest  endofacially.  Strange  to  say,  this  important 

contribution  was  almost  completely  overlooked,  Lewes, 

(cont.from  previous  page)  to  get  information;  learned 
people  generally  will  not  listen  to  anything  except  to 
what  they  have  themselves  learned  and  taught,  and  about 
which  they  have  become  agreed  with  those  of  their  own 
set') 

( 2 )  'Montagu,  M.E.Ashley,  The  Premaxilla  in  the  Pr imates . 1935* 

(3)  This  paper  was  almost  the  only  available  source  for 
the  mater ial. 
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Showing  the  two  halves  of 
the  ^re-maxilla  complete¬ 
ly  separated  from  the 
Maxilla  in  a  human 
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foetus  at  the  beginning 

of  the  third  month.  (after  Ranke) 


who  gives  in  his  life  of  Goethe(1864)  an  excellent 
account  of  Goethe’s  discovery  of  the  bone  in  man, 
repor^t  having  himself  seen  a  foetal  skull  in  which  the 
premaxilla  was  distinctly  separated  (Rig. 2  above),  and 
he  adds: "I  possess  a  skull  the  ossification  of  which  is 
far  advanced  at  the  parietal  sutures,  yet  internally 
faint  traces  of  the  intermaxillary  are  visible". 

Humphrey  in  1858  gives  a  brief  but  excellent 
account  of  the  embryological  development  of  the  maxilla 
and  neighbouring  bones  in  man, and  cites  much  pathological 
evidence  to  show  that  "the  intermaxillary  bones  are 
developed  in  connection  with  the  vomer  in  the  median 
frontal  process,  and  they  are  originally  related  to  it 
rather  than  to  the  maxillary  bones". 

Carl  Vogt,  1864,  in  his  admirable  ’Lectures  on  Man’ 
points  out  that  the  early  union  of  the  elements  of  the 


, 


7 

-36- 


upper  jaw  is  not  uniform  in  all  races  of  Man,  "We  sometimes 
find  in  young  negro  skulls,  as  well  as  in  skulls  of  idiots, 
traces  of  the  maxillary  sutures;  and  moreover  the  sutures 
in  apes  are  obliterated  at  various  ages". 


Hamy  1868,  states  that  the  premaxillary  and  facial 
sutures  tend  to  remain  open  much  later  in  the  prognathous 
negro  races  than  in  the  orthognathous  white  races;  this 
he  believes  is  due  to  the  fact  that  in  the  negro  the 


facial  portion  of  the  skull  continues  to  grow  forwards 
over  a  period  when  the  bones  of  the  white  skeleton  have 


already  attained  their  final  form  and  relations.  These 
observations  were  confirmed  by  Montagu,  whose  conclusive 
investigation  is  referred  to  further  on. 


Call endar^  1869) was  responsible  for  the  first  thorough¬ 
going  developmental  account  of  the  premaxilla  in  man  based 
on  an  examination  of  20  foetuses  ranging  between  2  and  7 
months  of  age,  a  valuable  study  which  did  not  receive  the 
recognition  it  deserved.  Fawcett,  1911,  in  the  most 
comprehensive  original  study  of  the  maxilla  and  associated 
structures,  gives  for  the  first  time  a  thorough  explanation 
of  the  fissures  which  apnear  upon  the  oral  surface  of  the 
oremaxilla,  (see  fig.3,  &  0)  "These  are  due  to  the 
fact  that  the  backs  of  the  two  incisor  teeth  are  early 
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covered,  each  of  them,  by  down  -  growths  of  bone  from 
the  premaxillary  mass,  and  these  cover ings, • not  only 
growing  downwards,  but  at  the  same  time  backwards,  produce 
elevations  which  imperfectly  meeting,  result  in  interven¬ 
ing  fissures. 

Inouye } 1912, in  the  most  exhaustive  study  of  the  human 
premaxilla  in  existence,  describes  the  persistence  of  the 
superior  portion  of  the  premaxillary  suture  upon  the  face 
of  a  one  year-old  child,  (fig.  4,^45) 

Bolk,1913,in  a,  lengthy  work  on  the  obliteration 
of  the  sutures  in  the  Primate  skull,  suggests  that  there  is 
probably  some  relat ionship  between  the  degree  of 
prognathism  displayed  by  any  primate  and  the  period 
at  which  obliteration  of  the  premaxillary  sutures  takes 
place. 

Felber,  1919,  and  Jarmer,  1922,  have  independently 
investigated  the  embryological  development  of  the 
premaxilla  in  man.  The  conclusion  in  both  cases  is  that 
the  centers  for  the  premaxillary  bones  first  make  their 
appearance  at  the  beginning  of  the  seventh  week  of 
development,  slightly  after  the  appearance  of  the 
ossification  centers  for  the  maxilla  and  that  by  the 
conclusion  of  the  twelfth  week,  the  facial  portions  of 
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A-Palatine  view  of  a  white  female  foetus  aged  7.62  mos. 
showing  the  production, posteriorly,  of  the  incisor 
processes  of  the  Maxilla  to  meet  the  Pre -max ilia, 
and  beginning  development  of  the  distal  walls  of  the 
incisor  sockets  from  the  Maxilla, 

B-Palatine  view  of  a  white  female  foetus  aged  9,91  mos. 
showing  the  maxillary- pre -max illary  relationships. 

(After  Montagu, 187) 

the  premaxillary  bones  beoome  completely  united  with 
the  maxilla, 

Vallois  and  Gadenat,  1924,  examined  the  premaxillary 
region  in  30  human  foetuses  between  the  second  and  seventh 
months  of  development.  They  write:  "Le  premaxillaire  -est 
visible/  pour  la  premiere  f ois  sur  un  embryo n  de  21  mm, 

O’ est  un  petit  noyau  litue^  en  avant  de  la  lame  dentaire, 
dans  la  region  qui  correspond  aux  futures  incisives.  Tres 
rapidement  il  se  soude  a  celui  du  maxillaire  qui  est  apparu 
plus  tot  et  occupe  la  future  region  molaire.  L’ union  des 
deux  centres  forme  une  la, me  osseuse  qui  borde  en  dehors 


la  lame  denta.ire 
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A  41  mm.,  cette  lame  envoie  en  haut  2  prolongements, 
l’un  correspondant  k  sa  portion  maxillaire,  l’autre  a  sa 
portion  premaxilla ire,  ce  sont  les  processus  fronteaux. 

Le  processus  frontal  du  premaxillaire  borde,  par  son  bord 
anterieur,  1’ orifice  nasal.  Son  bord.  posterieur  est  longe/ 
par  le  processus  frontal  du  maxillaire,  dont  un  interstice 
le  separe.  A  44  mm.  le  premaxillaire,  et  son  processus 
frontal,  bien  developes,  constituent  une  lame  compacte  qui 
s’etend  de  la  gouttiere  vestibulaire  a  l’os  nasal.  La  face 
interne,  bucconasale,  de  cette  lame  se  prolonge  endedans 
par  un  tissu  osseux  a  mailles  laches,  (l)  qui  forme  le 
fond  et  la  paroi  linguale  des  alveoles  des  incisives  et 
3’enfonce  dans  la  partie  corr espondante  du  palais  dont  il 
constitute  le  squelette.  O’ est  le  prolongement  palatin 

du  pre'maxillaire.  Sa  partie  la  plus  interne  emet  une  petite 

\ 

languette  qui  se  dirige  d’avant  en  arriere,  le  long  de  la 
ligne  mediane.  Par  homologie  avec  la  disposition  des 
animaux,  on  peut  l’appeler  processus  palatin  median.  Tout 
le  reste  du  prolongement  sera  lors  dit  processus  palatin 
Lateral.  Dans  1’ enchancrur e  qui  separe  les  2  processus 
passe  le  canal  de  Stenson. 

I  l)  Many  accounts  of  pathological  cases  involving  removal 
or  diseased  condition  of  the  premaxillary  bones  are  found 
:.n  the  recent  literature  on  the  subject--it  is  pointed  out 
that  the  substance  of  these  bones  is  relatively  spongy,  and 
uhus  more  accessible  to  infection  than  the  more  solid 
maxillae* 
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En  arriere,  une  auture  tres  petite,  la  suture  incisi^ve 
se^pare  le  prolongement  analogue  emis  par  la  maxillaire. 

Au  cours  du  4e  mois,  se  produisent  certains  changements. 

Le  processus  frontal  du  maxillaire,  d’abord  situe"”  en 
arriere  de  celui  du  premaxillaire,  pousse  en  dehors  de  lui 

A 

une  lame  qui  recouvre  en  partie  sa  face  externe,  En  meme 

temps,  les  2  processus  se  soudent  I’un  a  I'autre,  mais  la 

trace  de  la  separation  primitive  reste  encore  visible  sur 

leur  faces  externes  et  internes.  Le  processus  palatin 

lateral  s’accroit  notablement;  c’est  maintenant  une 

epaisse  lame  qui  forme  toute  la  partie  de  la  voute  palatine 

correspondant  aux  incisives;  son  bord  posterieur,  bilobe, 

limite  la  suture  incisive. 

Au  cours  des  5e  et  6e  mois,  le  premaxillaire  perd 

la  plus  grande  partie  de  son  independence.  Son  apophyse 

frontale  est  pre$ue  totalement  recouverte  en  dehors  par 

1’ apophyse  frontale  du  maxillaire,  et  lui  est  completement 

3oudee,  Sur  la  face  externe,  la  ligne  de  suture  est 

visible  pendant  quelque  temps  comme  un  fin  sillon  qui 

longe  dehors  le  pourtour  de  1’ orif  ice  nasa.l,  Sur  la  face 

interne,  la  ligne  de  suture  est  plus  posterieure;  elle 

/ 

dispara.it  de  bas  en  haut,  la.  soudure  debutant  a.u  nivea.u 
cLu  cornet  inf  er  ieur .  " 
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These  observations  as  well  as  Callender’s  make  it 
clear  that  the  premaxillary  suture  disappears  upon  the 
facial  aspect  of  the  human  skull  early  in  development, 
because  the  premaxilla  becomes  completely  or  almost 
completely  covered  by  the  facial  process  of  the  maxilla, 
with  which  it  apparently  becomes  indissolubly  united, 
although  as  Yyck  D’Azyr  (l)  and  Goethe  long  ago  showed 
the  suture  upon  the  internum  of  the  maxilla,  ma.y  persist 
late  into  the  post-natal  development  of  the  individuals 
What  rema.ined  to  be  demonstrated  was  whether  or  not 
this  process  was  comparable  to  that  taking  place  in  the 
skulls  of  the  sub-human  primates.  This  is  the  topic  of 
Mr,  Montagu’s  paper,  with  which  the  discussion  comes  to  a 
close. 

In  spite  of  the  thoroughness  with  which  the  subject 

had  already  been  surveyed,  the  facts  brought  to  light  by 

the  investigators  were  not  altogether  known  or  accepted. 

Camper's  view  still  persisted  that  the  alleged  absence  of 

(l)  Vyck  D’Azyr’ s  paper  on  the  premaxilla  in  man  and  several 
other  mammals  was  published  in  the  ’Academie  des  Sciences' 
for  1779  and  later  (1786)  embodied  in  his  ’Traitd’  d’ 
Anatomie* ,  This  paper  is  the  first  description  of  the  pre- 
maxilla  in  man  made  on  a  comparative  basis.  The  conclusions 
are  exactly  the  same  as  Goethe’s,  and,  it  must  be  granted 
that  Vyck  D'Azyr's  claim  to  priority  is  valid.  But  Goethe, 
as  well  as  c an  be  established,  did  his  work  without  being 
aware  of  V.  D’Azyr's  discovery.  Camper,  Blumenbach,  and 
Sommer ing  knew  nothing  of  it.  The  latter,  when  the  Trai te 
d’ Anatomie  was  published,  1786,  (continued  on  next  page ) 
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premaxilla  upon  the  facial  aspect  of  the  human  skull  is 
one  of  the  facts  most  signif icantly  demonstrative  of  man*s 
wide  separation  from  the  other  primates  and  the  remainder 
of  the  mammals.  Generally,  however,  the  controversial  point 
was  the  obliteration  of  the  facial  sutures  rather  than  the 
existence  of  the  hone  as  such,  said: 

"All  mammals , 

possess  premaxillary  bones,  but  man  alone  of  all 
the  mammals,  so  it  is, Claimed,  shows  no  trace  of  this  bone 
upon  the  facial  aspect  of  the  skull,  either  at  birth  or 
ever  afterwards.  The  assertion  is  not  that  man  does  not 
possess  a  premaxilla,  the  presence  of  which  has  long  been 
known  in  foetal  and  post-natal  man,  but  that  its  identity 
as  a  distinct  element  upon  the  face  is  lost  so  early  in 
development  (about  the  end  of  the  third  foetal  month)  that 
this  premature  annulment  of  its  status  as  an  independent 


expressed  in  a  letter  to  Merck  his  surprise  that  the 
author  made  no  reference  to  Goethe’s  Essay  on  the  same 
subject.  Certainly  the  jubilant  tone  of  Goethe’s  letter 
to  Herder  would  not  suggest  anything  but  the  consciousness 
of  original  discovery  -  As  Lewes  says  (op.  cit.  p.  347) 

"he  becomes  the  true  discoverer  who  establishes  the  truth, 
and  the  sign  of  the  proof  is  the  general  acceptance", 
Goethe  was  the  first  who  thoroughly  worked  out  the 
discovery,  he  it  was  who  gave  it  a  fixed  and  definite 
place  in  science;  he  it  is  who  is  always  named  as  the 
discoverer . " 
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element  must  be  regarded  as  a  human  specific  character, 
since  in  the  Primates  inferior  to  man,  and  the  Mammals 
in  general,  this  bone  remains  facially  distinctly  separate 
from  the  maxilla  until  the  attainment  of  a  relatively 
advanced  age."  (l) 

It  was  in  order  to  corroborate  or  refute  the  statement 
of  Professor  Wood  Jones  that  "a  definite  human  specific 
character  is  determined  by  the  early  loss  of  the  facial 
identity  of  this  element,"  (2)  that  Montagu  undertook  an 
extensive  study  of  the  process  in  the  whole  Primate  group. 
If  it  could  be  shown  that  "there  exists  a  very  definite 
tendency  for  the  premaxillary  suture  to  undergo  oblitera¬ 
tion  fairly  early  in  the  development  of  some  groups  of 
sub-human  Primates,  and  that  in  such  Primates  certain 
conditions  are  to  be  found  which  are  not  present  in  other 
members  of  the  Order,  something  will  have  been  achieved 
which  may  help  us  to  understand  that  the  existing 
I  differences,  real  as  they  are,  between  man  and  certain 
Primates  with  respect  to  the  loss  of  identity  of  the 
premaxilla,  are  in  fact,  demonstrative  of  a  close  rather 
than  of  a  distant  relationship  between  man  and  such 
Primates."  (3) 

( 1 j  Montagu,  op.  cit.,  p.  33. 

(2)  ibid. ,  p.  33. 

(3)  ibid. ,  p.  35. 


' 


. 


„ 


1 


-44- 

The  material  reported  upon  in  this  study  consists 
of  some  9947  post-natal  Primate  cfania,  ranging  in  age 
from  birth  to  adult  life;  of  these  crania  5277  are  sub¬ 
human  and  4670  human.  In  addition  some  16  human  foetuses, 
both  white  and  negro,  have  been  examined. 

Out  of  this  mass  of  observations,  several  facts 
emerged  clearly: 

Whereas  authorities  agreed  on  the  whole,  that  the 
premaxillary  suture  is  not  distinguishable  upon  the  facial 
aspect  of  the  human  skull  after  the  3d  foetal  month, 
Montagu^  was  able  to  state  positively  that  '"the  pre¬ 
maxillary  suture  is  frequently  visible  upon  the  facial 
aspect  of  the  skull  in  man  immediately  up  to  the  time  of 
birth  and  m.fair  number  of  cases,  (6  out  of  38  crania 
picked  at  random  or  15.7^  of  cases)  up  to  the  fifth  post¬ 
natal  year  of  age.  The  suture  is  not  present  in  its 
entirety  as  is  the  case  in  the  sub-hmman  Primates,  but  only 
partially  upon  the  ap£x  of  the  naso -max illary  process  of 
the  premaxilla. ”  (l)  (See  fig.  4.) 

(l)  Montagu,  op.  cit.  p.  181. 
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Ficj.  4 

Infant  white  skull  aged 
11  mos.,  showing  the 
apical  portion  of  the 
Pre-maxilla  and  its 
suture  facialljr. 

Upon  the  endo-facial 
aspect  the  Pre-maxilla  and 

its  sutures  are  clearer  visible  in  their  entirety. 

(After  Montagu, 185) 

He  found  that,  "in  the  negro  foetus,  the  premaxilla 
tends  to  lose  its  independence  much  later,  than  in  the 
white,  a  fact  which  can  be  significantly  correlated  with 
the  more  pronounced  facial  prognathism  of  the  negro."  (l) 
"In  general,  the  smaller  the  size  of  the  premaxilla,  the 
sooner  is  its  union  with  the  maxilla  effected,  and  it 
would  appear  that  early  maxillary  premaxillary  union  is 
correlated  with  the  size  of  the  maxilla."  (2) 

In  the  great  apes,  the  process  of  obliteration  of 
the  sutures  showed  a  high  degree  of  variation,  the  gorilla 

(1)  Montagu,  op.  cit.,  p.  184.  This  is  in  agreement  with 
the  earlier  report  of  Inouye,  (page  37). 

(2)  ibid.  p.  202. 
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showed  visible  sutures  in  85.7^  of  cases,  while  in  the 
Chimpanzee  the  rate  was  15.1^,  that  is  lower  than  human 
skulls,  indicating  a  slightly  faster  rate  of  obliteration, 
which  begins  in  the  late  foetal  period  of  development, 

Mr,  Montagu’s  carefully  tabulated  observations  show 
that  throughout  the  primates,  with  few  exceptions,  (l) 
the  tendency  is  the  same;  the  greater  the  degree  of 
prognathism  the  later  the  premaxillary  sutures  tend  to 
remain  open  and  unobliterated. 

Going  back  for  a  moment  to  Goethe’s  statement  of  the 
correlation  between  nutrition  and  the  form  and  degree  of 
development  of  the  premaxilla,  it  is  interesting  to  note 
that  Mr,  Montagu  also  finds  that  "in  the  primates  without 
exception  the  form  of  the  premaxilla  is  entirely  dependent 
upon  the  functions  it  subserves,  and  its  form  varies 
exactly  in  proportion  as  its  functions  vary,"  (2) 

On  the  differences  in  relations  and  development  of 
the  maxillary  and  premaxillary  bones  between  man  and  the 

(1)  "Curiously  enough,  the  premaxillary  suture  tends  to 
persist  latest  in  the  Gorilla,  which  is  the  least 
prognathous  of  the  a,pes.  Perhaps  the  explanation  lies  in 
the  heavy  development  of  the  anterior  teeth,  which  are 
quite  obviously  subject  to  far  heavier  stresses  than  in 
the  other  apes, "(Montagu,  op,  cit,  p,  201), 

(2)  Montagu,  op,  cit,  p,  32. 
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sub-human  primates,  Montagu  expresses  himself  as  follows* 
"A  brief  consideration  of  the  form  of  the  face  in  the 
primates  leaves  little  room  for  doubt  that  the  chief 
factor  instrumental  in  bringing  about  this  unique  change 
in  the  maxillo-premxfdlary  relationship  in  man  has  been 
the  progressive  and  almost  total  reduction  of  the  snout. 
The  premaxilla  which  in  the  lower  mammals  and  Primates 
forms  an  appreciable  part  of  the  produced  snout,  has  in 
man  been  so  completely  retracted  that  it  may  be  said  to 
have  been  almost  totally  embraced  by  the  face,  the 
ETaxillary  bones  forming  a  natural  operculum  over  it  upon 
every  side  of  the  upper  pyriform  aperature." 

Boyd,  1933,  correlates  this  tendency  with  the  decline 
in  importance  of  the  oral  sense  and  the  olfactory 
apparatus.  This  world  bring  about  a  concomitant  diminution 
in  the  visceral-osseous  apparatus,  an  important  part  of 
which  is  formed  by  the  premaxilla,  with  a  resulting 
decrease  in  the  length  and  size  of  the  snout,  the  trend  of 
the  facial  skeleton  being  towards  orthognathism.  Also  in 
accordance  with  Goethe’s  own  observations  are  Boyd’s 
statements  concerning  the  relations  of  the  function  and 
size  of  the  teeth  to  the  development  of  the  premaxillary 
bone  in  mammals. 
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It  is  unnecessary  to  repeat  here  Montagu’s 
description  of  the  premaxilla,  and  of  the  manner  of  its 
growth  and  final  disappearance  upon  the  face  of  the  human 
skull,  since  it  is  essentially  the  same  as  that  of  Vallois 
and  Cadenat  (p.  38).  Therefore  to  resume: 

In  the  sub-human  primates  the  premaxilla  is  not 
overgrown  by  the  maxillary  plate  at  all,  but  in  all  groups 
the  manner  of  obliteration  of  the  suture  is  always 
interstitial,  the  fissure  becoming  filled  with  osseous 
material,  and  invariably  proceeds  from  below  upwards, 
commencing  first  at  the  antero-inf er ior  alveolar  margin 
and  proceeding  upwards  until  the  apical  portion  of  the 
premaxillary  suture  is  finally  obliterated.  In  man, 

"the  process  by  which  the  facial  portion  of  the  premaxilla 
becomes  lost  as  a  separate  element  is  a  complicated  one, 
and  it  involves  far  more  than  the  mere  loss  of  the 
superficial  suture  line,  for  the  whole  method  of  growth 
i  of  this  part  of  the  face  is  involved.  The  human  premaxilla 
is  lost  in,  and  becomes  overgrown  by,  the  facial  portion 
of  the  maxilla,"  (l)  "The  premaxillary  suture  undoubtedly 
becomes  obliterated  superficially  beneath  the  maxillary 
plates  even  though  endofacially  it  is  generally  found 
(l)  Montagu,  op,  cit.  p,  33  (statement  of  Wood  Jones). 
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open  and  with  free  borders  until  a  relatively  advanced 
age.  Upon  the  facial  aspect  a  remnant  of  the  suture  may 
be  observed  upon  what  appears  to  be  the  maxilla,  but  which 
in  fact  represents  the  apical  division  between  the 
maxilla  and  the  premaxilla. 

It  should  be  clear  then,  that  in  man  we  are  dealing 
with  a  process  of  obliteration  which  is  radically  unlike 
that  which  occurs  in  the  sub-human  Primates,  and  that 
therefore  the  superficial  comparison  of  the  state  of 
obliteration  of  the  premaxillary  suture  in  man  with  that 
of  the  sub-human  Primates  is  a,  procedure  not  morphologic¬ 
ally  justifiable. 

■When,  then,  Wood  Jones  Glaims  that  the  ’Obliteration 
of  the  facial  premaxilla  is  a  distinguishing  character 
of  man  as  a  species’ ;  and  that  ’it  should  be  used  by  the 
systematist  as  a  specific  diagnostic  feature  of  Homo,’ 
the  point,  I  think,  may  be  freely  granted,  for  man  alone, 
of  all  mammals  is  characterized  by  the  peculiar  curtaining 
which  his  premaxilla  has  undergone  in  the  course  of  an 
evolution  upon  the  highest  developmental  rung  of  which 
he  now  stands.  The  point  that  Wood  Jones  has  made,  and 
is  here  established,  is  a  retro-active  one,  for  the 
distinctive  character  which  it  would  serve  to  emphasize, 
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as  distinguished  from  the  remaining  Primates,  when 
properly  understood,  serves  in  rea.lity  to  emphasize  the 
close  aifinity  of  the  hominid  to  the  anthropoid  pre¬ 
maxilla,  for  it  is  quite  clear  that  the  human  premaxilla 
must  once  have  passed  through  a  stage  such  as  that  which 
now  characterizes  the  anthropoids,  and  indeed  it  is  only 
possible  to  understand  the  peculiar  changes  v/hich  have 
taken  place  in  the  human  premaxilla  upon  the  grounds  of 
it  being  derived  from  such  a  type  as  now  charac ter izes  the 
anthropo ids . 11  (l) 

Ho  further  comment  seems  necessary.  The  work  of 
his  successors  makes  evident  how  accurately  Goethe 
observed  the  facts,  and  how  well  he  grasped  their  sign¬ 
ificance  and  true  relationship. 


(1)  Montagu,  op.  cit.  p 
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THE  THEORY  OF  METAMORPHOSIS 

Before  going  on  to  Goethe’s  other  biological  writings 
it  may  be  well  to  consider  the  concept  of  Metamorphosis, 
so  fundamental  to  his  whole  outlook  on  Nature,  and  the 
specific  basis  of  his  theories  of  plant  Morphology  and  the 
origin  and  development  of  the  Vertebrate  skeleton.  There 
has  been  some  confusion  as  to  what  is  meant  by 
Metamorphosis,  as  Goethe  obviously  uses  the  word  not  in 
the  literal  but  in  a  somewhat  special  sense.  He  has  been 
criticised  for  choosing  a  foreign  word,  with  a 
connotation  in  some  degree  vague  and  indefinite.  However, 
the  word  we  now  use  to  express  the  Idea  he  had  in  mind  y/as 
already  in  use,  in  a  sense  quite  different  from  that 
which  we  associate  with  it  today.  That  ?;ord  is  ’Evolution’, 
The  precise  meaning  of  Evolution  is  ’unfolding’.  It  was  so 
used  by  the  protagonists  of  the  doctrine  of  preformation, 
who  contended  that  the  new  being  pre-exists  in  a  complete 
state  of  formation,  needing  only  to  be  vivified  by 
impregnation  in  order  to  commence  the  series  of 
expansions  or  disencasings  culminating  in  the  independent 
individual.  Wolff’s  significant  work  ’’Theoria  Generationis" 
showed  conclusively  that  the  Embryo  developed  by  the 


formation  of  new  tissues  from  the  fertilised  ovum 
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(Epigenesis ) .  And  so  the  word  Evolution  came  later 
to  be  used  in  the  sense  of  change,  of  gradual  advance  of 
living  forms  throughout  the  ages  from  simple  to  more 
complex,  towards  greater  perfection  of  organization  or 
more  efficient  adaptation  to  the  conditions  of  the 
environment.  What  word,  indeed,  could  be  readily  sub¬ 
stituted  for  it  that  would  express  as  clearly  our  ideas 
about  the  history  of  life  upon  the  globe,  and  yet  be 
sufficiently  elastic  to  permit  of  the  manifold  uses  it 
is  put  to  without  losing  its  definiteness  of  meaning? 
’Metamorphosis1,  to  Goethe,  implied  what  we  mean  by 
Evolution  understood  in  the  light  of  modern  scientific 
knowledge.  Metamorphosis  is  the  change  in  form  and 
structure  which  in  the  course  of  time  takes  place  in 
living  organisms  as  a  whole  or  in  part,  as  a  result  of 
change  in  function,  function, of  course,  being  directly 
correlated  with  the  demands  of  the  environment.  Nov/  by 
this  is  not  meant  that  Goethe  like  some  of  the  Ancient 
Philosophers  -  Aristotle,  for  instance,  (also  Hegel) 
visualized  creation  as  a  vast  complex  of  organisms  which 
could  be  arranged  in  an  ascending  series  of  forms,  showing 
a  gradual  change  from  simple  to  complex,  from  unicellular 
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amrnaloules  to  man;  or  like  Plato  whose  series  was  not 
an  ascending,  but  a  descending  one,  making  the  world 
an  incredibly  depressing  spectacle  of  degeneracy ;  or  even 
Buffon  who  recognized  well  enough  the  close  relations 
between  certain  species,  say  horse  and  donkey,  but  consid¬ 
ered  the  donkey  as  a  degenerate  horse. 

Aristotle’s  conception  of  Evolution  -  we  are  so  often 
told  that  he  knew  all  about  it  -  is  strictly  speaking  an 
’ideal’  one.  The  thread  which  connects  the  various  forms 
is  an  idea,  an  ’increasing  purpose’,  in  the  mind  of  the 
Creator.  Aristotle’s  Evolution  be  said  to  exist  in 
Space,  it  does  not  imply  ’a  sequence  of  events  in  time*'. 

But  there  is  nothing  abstract  about  Goethe’s  idea  of  how 
species  come  to  change,  or  how  the  various  groups  are 
linked  together.  His  conception  of  ’Gestalt’  or  form  is 
above  all  a  dynamic  one.  Gestalt  at  any  time  during 
the  life  of  the  individual  is  the  result  of  the  inter¬ 
action  between  the . inner  tendencies  of  the  individual  and 
its  environment.  Eorm  is  determined  at  first  by  heredity 
(inner  tendency).  Then  it  determines  function  but  a  change 
in  the  environment  may  cause  a  change  in  function  and 


this  in  turn  influences  form: 
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"Also  bestimmt  die  Gestalt  die  Lebensweise  des  Tieres, 
und  die  Weise  zu  leben,  sie  wirkt  auf  all  Gestalten 
Ufachtig  zuruck."  (l) 

And  so  the  organism,  as  long  as  it  lives,  is  never  in  a 
static  condition,  no  more  than  the  environment  is  static, 
and  ’Gestalt1  is  not  a  fixed,  definite  thing,  it  is  the 
physical  expression  of  a  living  organism  in  the  process 
of  becoming.  Goethe’s  attitude  towards  this  question  is 
referred  to  again  at  the  end  of  the  section  on  Botany. 

It  is  merely  mentioned  here  because  without  it  the  origin 
of  the  skull  seems  but  a  chance  guess  and  Plant  Meta¬ 
morphosis  a  happy  inspiration. 

Closely  bound  up  with  the  notion  of  Metamorphosis  is 
that  of  the  ’Archetype’  .  Here  again  we  have  a  word  with  a,n 
elastic  capacity  for  performance.  It  caught  the  fancy  of 
most  students  of  biology  in  Goethe’s  day  and  became  assoc¬ 
iated  with  many  highly  fanciful  ideas;  hence  somewhat 
discredited  in  the  eyes  of  men  of  science.  However,  when 
Goethe  first  speaks  of  the  Archetype  in  connection  with 
Classification,  he  states  in  no  uncertain  terms  that  it  is 
a .  scientific  device,  the  object  of  which  is  primarily  to 
simplify  the  task  of  comparison.  It  is,  and  he  is  conscious 
(l)  Metamorphose  der  Tiere,  Goethe:  o p . _ cit .  p.  433, 
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of  it,  a  creation  of  the  mind  which  has  no  exact 
counterpart  in  Nature,  but  is  based  on  fact  observable 
in  actual  species. 

Until  then  comparisons  were  drawn  between  one  animal 

and  another,  or  between  animal  and  man,  "Man  vergljch: 

Tiere  untereinander ,  Tiere  zum  Menschen,  Menschenrassen 

unter einander ,  die  beiden  Geschlechter  wechselseitig, 

Haupteile  des  Ko'rpers,  z.  B.  obere  und  untere  Entremitaten, 

untergeordnete  Teile,  z.  B.  eine^Wirbelknocl^en  mit  den 

andern",  (l)  Such  a  procedure,  he  points  out,  could  lead 

nowhere  because  it  tends  to  the  emphasizing  of  differences 

rather  than  of  similarities,  and  it  is  on  the  basis  of 

common  characters  that  organisms  are  brought  together  to 

form  large  groups.  Moreover,  the  standard  of  comparison, 

said  Goethe,  should  not  be  man,  the  most  perfectly 

developed  species,  (2)  but  some  simpler  type  which  would 

constitute,  so  to  speak,  a,  sort  of  common  denominator 

of  all  the  individuals  in  the  group.  Only  a  close 

( 1 )  Einleitung  in  die  Vergleichenden  Anatomie,  Goethe , 
op.  cit.  I,  p.  401, 

X2j  "Der  Mensch,  bei  seiner  hohen  organischen  Vollkommen- 
heit  darf  ebendieser  Vollkommenheit  wegen  nicht  als 
Maszstab  der  unvolkommenen  Tiere  aufgestellt  werden", 

((fber  einen  auf zustellenden  Typus  zu  Erie ichterung  der 
vergleichenden  Anatomie,  1796,  Goethe,  op.  cit.,  p.  400.) 
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comparative  study  of  the  group  as  a  whole  could  yield 
such  a  generalized  type  which  will  contain  only  the 
features  common  to  all  species  within  the  group.  Thus 
observation  of  the  particular  is  the  first  step  in 
obtaining  a  general  concept,  (l) 

First  reversing  the  process  of  Evolution  (from  compl¬ 
ex  to  simpler)  to  go  back  to  the  starring  point,  one 
could  begin  like  Nature  at  the  beginning  with  the  most 
primitive  forms  and  follow  up  the  progressive  course  of 
development  along  divergent  lines  without  confusion.  It 
should  be  pointed  out  that  Goethe  did  not  confuse  the 
’Archetype1  or  generalized  concept  embodying  the 
essential  characteristics  of  individuals  in  a  group 
absolutely  identical  with  no  one  member  of  the  group, (2) 
and  the  ’ Urb ild’  or  common  ancestor.  The  Archetype  has  no 
actual  objective  existence,  while  the  common  ancestor, 

(1)  "Die  Erfahrung  musz#  uns  vorerst  die  Teile  lehren, 
die  alien  Tieren  gemein  sind.  Die  Idee  musz  uber  dem 
Ganzen  walten  und  eine  genetische  Y/eise  das  a.llgemeinel 
Bild  abziehen",  Goethe,  op.  c it . ,  p.  400. 

(2) "Schon  aus  der  allgemeinen  Idee  eines  Typus  folgt, 
dasz  kein  einzelnes  Tier  als  ein  solcher  Vergleichungs- 
kanon  aufgestellt  werden  konne;  kein  Einzelnes  kann  Muster 
des  Ganzen  sein."  (ibid.  p.  400). 
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al though  our  reconstructions  of  it  are  necessarily 
hypothetical,  existed  once  as  a  flesh  and  blood  creature. 
His  grasp  of  structure  and  the  conditions  of  variation 
was  too  thorough  for  him  not  to  realize  that  "Die 
wunderbare  und  wirklich  uberraschende  Ahnlichkeit  in 
der  inner en  Organisation,  in  der  anatomischen 

u  ,  ,,  u 

Structurverhaltnisgen,  und  die  noch  merkwurdigere  Uberein- 
stimmung  in  der  embryonalen  Entwickelung  bei  alien  Tieren, 
welche  zu  einem  und  demselben  Typus,  z.  B.  zu  dem  Zweige 
der  Wirbeltiere,  gehoren,  erklart  sich  in  der  einfachsten 
Weise  durch  diese  Annahme  einer  gemeinsamen  Abstammung 
derselben  von  einer  einzigen  Stammform. "  (1) 

Perhaps,  because  the  point  is  often  brought  up  ,  one  ought 
here  to  distinguish  between  the  conceptions  above  and 
"Urpf  lanze"  and  "I  Jr  tier 11 .  which  certainly  have  undergone  a 
change  in  Goethe’s  mind  in  the  course  of  his  scientific 
work.  It  was  at  first  in  his  thoughts  to  find  a  simple 
sort  of  plant,  more  primitive  than  any  he  had  yet  met  with, 
which  would  reveal  to  him  the  nature  of  the  ’original’ 
plant.  In  a  letter  from  Palermo,  17th  of  April  1787,  he 
writes,  "I  was  seeking  the  T Jr nf lanze «  unconscious  that  I 
(1)  Haeckel,  Ernst,  Schopf ungsgeschichte ,  Kap.  III. 
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was  seeking  the  idea,  the  conception,  in  accordance  with 
which  we  could  develop  it  for  ourselves".  He  once  used  the 
term  1  Ur tier 1 .  "As  I  had  once  sought  the  » Urpf lanze* 

I  now  longed  also  to  find  the  ’Urtier*  which  means  in  the 


end  the  conception,  the  idea  of  ’Animal’."  It  is  clear 
that  "the  general  concept  of  ’animal’  or  ’plant’  in  no 
wise  precludes  the  assumption  of  common,  real  ancestral 
forms  out  of  which  the  different  species  have  developed ,"( 1 
the  former  belonging  properly  to  the  field  of  Philosophy 
rather  than  to  that  of  Science, 

Goethe  fully  realized  the  weakness  of  a  system  of 
classification  based  mainly  upon  the  anatomical 

M 

characters  of  mature  individuals  (Aussere  Kennzeichen  sind 
bedeutend  aber  nicht  hinreichend,  urn  organische  Korper 
gehorig  zu  sondern  und  wieder  zusammenzustellen)  (2), 

He  appreciated,  however,  the  signal  services  rendered  to 
Science  by  the  great  systematists  such  as  Blumenbach, 

Cuvier  and  Linne",  in  bringing  order  out  of  the  chaos 
of  accumulated  facts.  He  believed  that  with  the  help  of 
a  clear  definition  of  a  group  Type,  a  thorough 
comparative  study  of  organs  would  result  in  closer 


(1)  Bielschowsky,  op.  cit.,  vol.  3,  p.  378. 

( 2 )  Einleitung  -4n  dte  Vergleichende  Anatomie ,  Goethe, 
op,  cit.,  I,  p.  398. 

As  Helmholz  truly  observes,  "the  labours  of  botanists  and 
zoologists  did  little  more  than  collect  materials  until 
they  learned  to  dispose  them  in  such  a  series  that  the 
laws  of  dependence  and  a  generalized  type  could  be 
elicited''  (quoted  by  Lewes,  op.  cit.,  p.  351). 
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under standing  of  true  historical  perspective,  and 
classification  would  then  he  placed  on  a  natural 
(genet isch)  as  opposed  to  an  arbitrary  or  artificial  basis, 
"a  system  wherein  each  animal  or  plant  could  be  assigned 
its  true  place  in  a  connected  chain  of  organic  beings." 

Goethe’s  method  of  investigation,  the  study  of 
Series  of  organs,  or  systems,  rather  than  a.  series  of 
types  (organisms  as  a  whole)  is  now  used  with  fruitful 
results  by  some  teachers  of  anatomy  (l).  Most  of  Goethe’s 
own  studies  were  conducted  along  these  lines,  and  the 
result  was  ever  further  to  strengthen  him  in  his  belief 
that  a  great  essential  unity  underlies  the  wonderful  and 
infinite  variety  Nature  offers  to  our  senses.  Even  a 
superficial  examination  of  his  writings,  -  for  in  Science 
as  in  Poetry  all  his  thoughts  were  entrusted  to  pap er  -- 
can  not  but  convince  the  reorder  that  far  from  being  a  mere 
fortunate  guess,  a  sudden  flash  of  insight,  the  conception 
of  Metamorphosis  was  the  inevitable  outcome  of  his  long 
protracted  observations  inspired  as  they  were  by  a 
profound  feeling  of  the  inner  harmony  of  the  whole,  his 
guiding  thread  through  the  maze  of  natural  phenomena.  '( 2) 

( 1 )  e . g .  Messer,  H .  M .,  An  Introduction  to  Vertebrate 
Anatomy,  1938. 

(2) "Welche  Reihe  von  Anschauungen  und  Nachdenken  verfolgt 
ich  nicht  bis  die  Idee  der  Pf lanzenmetamorphose  in  mir 
aufging, wie  solches  meine  Italienische  Reise  den  Ireunden 
vertraute  I  "(Goethe,  op. c it , ,  p,52) 
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THE  VERTEBRAL  THEORY  OF  THE  SKULL 


When  the  incident  took  place  which  led  to  his 


investigation  of  the  structure  of  the  skull,  Goethe  was  in 


Italy,  his  mind  thoroughly  absorbed  by  the  study  of  plant 
structure . 

In  Venice,  on  the  shores  of  the  Lido,  while  he  was 
absorbed  in  the  observation  of  marine  fauna  and  strand 
flora,  his  servant  wandered  into  a  nearby  Jewish  cemetery. 
There  the  fellow  picked  up  a  sheep  skull  which  he 
offered  in  jest  to  his  master  as  a  specimen  of  ’Homo 


judaensisT ,  Having  glanced  at  it,  Goethe  let  it  fall 
to  the  ground  where  it  broke  into  pieces,  the  bones 
becoming  separated.  As  he  says  himself,  he  was  already 
familiar  with  the  vertebral  nature  of  the  three  posterior 
segments,  and  it  came  to  him  in  a  flash,  seeing  the  bones 
lying  there,  that  the  facia.1  parts  also  could  be 
resolved  into  segments  or  vertebrae.  The  idea  is  not  an 
isolated  concept,  but  a  link  in  a  chain  of  observations 
for  he  adds:  "Indem  ich  den  ffbergang  vom  ersten 
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Flugelbeine  zum  Siebbeine  und  den  Muscheln  ganz  deutlich 
ror  Augen  sah ;  da  hatt*  ich  denn  das  Ganze  im  Allgeraeins ten 
beisammen"  (1). 

It  was  with  Dr.  Cams  that  Goethe  worked  out  this 
theory.  He  had  attempted  first  to  resolve  the  skull  into 
three,  then  into  six  vertebrae,  but  did  not  succeed  in 
doing  so  to  his  own  satisfaction.  His  friends,  to  whom 
he  made  mention  of  the  idea,  gave  him  most  enthusiastic 
encouragement.  The  final  result  of  the  investigations 
was  embodied  in  Dr.  Cams*  work  on  Transcendental  Anatomy 
1824  (pub.  1838)  (2).  But  the  thought  of  the  skull  being 
a  continuation  of  the  dorsal  column  was  not  entirely  new 
to  anatomists.  It  had  been  propounded  and  taught  in 
lectures  by  Kielmeyer  and  Antenreith,  and  mentioned  in  the 
writings  of  J.  P.  Franck.  (3),  and  it  had  stimulated  at 
least  one  other  than  Goethe  to  original  research. 


(1)  Goethe,  op,  cit.,  p.  52,  Fordernis  durch  ein 
Geistreich.es  Wort. 

(2)  "In  the  historical  sketch  which  Carus  prefixes  to  his 
Transcendental  Ana.tomy,  after  setting  forth  the  vanious 
tentatives  men  had  made  to  discover  by  means  of  descriptive 
ana.tomy,  and  occasional  comparisons,  the  true  relations  of 
the  various  parts  of  the  body,  he  says:  "If  we  go  back  as 
far  as  possible  into  the  history  of  the  labours  undertaken 
with  a  view  to  arrive  at  the  philosophic  conception  of  the 
skeleton,  we  find  that  the  first  idea  of  a  metamorphosis 

of  the  osseous  forms,  -  i.e.  that  all  forms  a.re  but 
modif ica.t ions  more  or  less  tra.ceable  to  one  and  the  same 
Type  -  belongs  to  Goethe,  "(L  ewes,  op.  cit.,  p.  355.) 

(3)  Other  workers  contributed  to  the  development  of i(the  idea 
Spix,  Cephalagenesis ,  1815;  Ulrich,  Schildkrotenschadel , 
1816;  Bojanus,  Analsome  Testudinis  Europae,  1818. 
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In  1807  Oken  was  called  to  the  University  of  Jena  at 
Goethe’s  suggestion.  The  subject  of  his  inaugural  discourse 
delivered  in  the  presence  of  his  patron,  was  a  'Program 
on  the  Significance  of  the  Bones  of  the  Skull’,  the 
substance  of  v/hich  was  published  during  the  same  year  in 
his  'Isis’.  (1) 


With  regard  to  the  origin  of  the  idea,  Oken  relates 
that  walking  on  an  Autumn  day  in  1806  in  the  Harz  forest, 
he  stumbled  upon  the  blanched  skull  of  a  deer,  picked  up 
the  partially  dislocated  bones  and  contemplated  them  for  a 
while  wrhen  the  truth  flashed  across  his  mind  and  he 
exclaimed:  "It  is  a  vertebral  column*"  There  was  later 
(1842)  a  lively  debate  on  the  point  of  the  authorship  of 
the  theory  (2)  and  some  have  brought  into  question  the 
validity  of  Goethe’s  claim  to  originality.  This  has  no 
bearing  on  the  fact  that  he  worked  out  the  theory  himself 
and  in  his  own  way,  as  testified  by  Dr.  Carus.  Why,  it  is 
asked,  if  the  idea  had  occurred  to  him  as  early  as  1790, 
had  he  not  published  his  discovery?  And  again,  when  Oken 


(1)  Encyclopaedia  Britannica,  Edition  11,  1911, 

(2)  The  controversy  was  precipitated  by  Michelet's  edition 
of  Hegel's  works,  Berlin,  1842,  which  contains  this 
paragraph:  "The  type  bone  is  the  dorsal  vertebra,  provided 
inwards  with  a  hole,  and  outwards  with  processes,  every 
bone  being  only  a  modification  of  it.  This  idea  originated 
with  Goethe  who  worked  it  out  in  a  treatise  written  in 
1785,  and  published  it  in  his  ’Morpholog ie’  (1820)  p.  162. 
Oken,  to  whom  the  treatise  was  communicated,  has  pretended 
that  the  idea  wa.s  his  own  property  and  has  reaped  the 
honour  of  it  ♦"(Encyclopaedia  Britannica,  Ed.  11,  1911.) 
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Qk&n  expressed  these  views  in  his  hearing,  it  seems 
incredible  that  the  poet  should  not  have  mentioned  to  the 
young  lecturer  hisconception  of  the  vertebro-cranial  theory 
and  the  singular  coincidence  of  the  circumstances  which 
had  produced  that  discovery. 

Perhaps  the  answer  to  both  objections  is  implicit  in 
Goethe’s  own  comments  upon  the  lecture  of  Oken,  "Im  Jahre 
1807  sprang  diese  Lehre  tumultuar isch  und  unvollstandig 
ins  Publikum,  da  es  ihr  denn  an  vielem  Widerstreit  und 
enigem  Beifall  nicht  fehlen  konnte.  Wieviel  aber  die 
unreife  Art  des  Yortrages  geschaaet,  moge  die  Geschichte 
dereinst  auseinandersetzen.  Am  schlimmsten  wirtbe  der 
falsche  Einflusz  auf  ein  wurdiges  Prachtwerk,  v/elches 
Unheil  sich  in  her  Folgezeit  leider  immer  mehr  und  mehr 
offenbaren  wird."  (1)  It  was  not  indeed  Goethe’s  way  to 
burst  tumultuously  upon  the  startled  public  with  half 
digested  ideas  of  sensational  import.  The  manner  of 
presentation  alone  was  enough  to  make  him  withdraw  into 
his  shell  of  reserve  and  forbear  to  make  mention  of  his  own 
ideas  at  least  for  the  time  being.  The  point  which  is  sure¬ 
ly  of  the  highest  importance,  however,  is  this:  however 
similar  the  incidents  may  be  which  prompted  the  two  men  to 

[l)  Der  Schadelgeriist  aus  sechs  Wirbelknochen  auf erbaut . 
£oethe,  op.  cit,,  I,  p,  499, 
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the  discovery  and  a  new  interpretation  of  the  nature  of 
the  skull,  the  meaning  attached  to  it  by  the  two  scientists 

U 

was  ra.dieally  different.  In  his  work,  *  Tiber  das  Universum 
als  Fortsetzung  des  Sinnesystems 1  1808,  Oken  propounds  the 
theory  that  the  organism  is  none  other  than  a  combination 
of  all  the  universe's  activities  within  a  single 
individual’s  body.  He  was  convinced  that  world  and 
organism  are  one  in  kind,  and  do  not  stand  merely  in 
harmony  with  each  other.  To  him  accordingly,  not  only 
organisms  were  small-scale  replicas  of  the  universe,  but 
the  parts  were  identical  --  The  head  was  a  repetition  of 
the  trunk,  a  kind  of  second  trunk  with  its  limbs  and 

HI 

other  appendages.  Thus  finding  in  the  skull  an 
illustration  of  Schelling’s  mystical  system  of  the  ’all-in- 
all  and  all-in-every-part ’  he  established  fancied 
correspondences  as  f ollows :  "The  brain  is  the  spinal  cord; 
the  cranium  Is  the  vertebral  column;  the  mouth  is 
intest inine  and  abdomen;  the  nose  is  the  lungs  and  thorax; 
the  jaws  are  the  limbs;  and  the  teeth  the  claws  or  nails," 
(1) 

Between  Goethe’s  conception  of  unity  of  plan  through¬ 
out  a  group,  of  homology  between  the  parts  of  organisms 

- - - - - “  - — - 

(l)  Encyclopaedia  Britannica,  Edition  11,  1911. 
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within  the  group,  say  the  fin  of  fishes,  the  fore-limb  of 
amphibians,  the  wing  of  bird  or  bat,  the  arm  of  man,  and 
Oken’ s  doctrine  of  identity,  there  is  a  difference  so 
profound,  so  essential  ,  that  Goethe  is  surely  justified 
in  refraining  from  comparing  his  own  ideas  to  those  of 
the  newcomer.  Ho  discussion  with  a  mere  stranger  could 
bridge  the  gulf  that  separated  the  two  in  their 
respective  outlooks  on  the  universe.  Suggestions  that  the 
two  incidents  are  suspic iously  similar  may  be  safely 
ignored.  Even  more  striking  coincidences  have  occurred 
and  in  both  cases  it  was  the  most  natural  thing  in  the 
world  for  such  a  thing  to  happen;  just  as  it  was  in¬ 
evitable,  given  the  two  men’s  philosophical  and  scientific 
background,  that  they  should  read  into  the  object  of  their 
curiosity  a  different  meaning,  Oken,  who  went  wrong  when 
he  followed  the  lead  of  Schelling,  but  was  inspired  when 
guided  by  observation,  had  some  time  before  stumbled  upon 
the  discovery  that  the  mouth  parts  of  insects  are 
modified  limbs.  Was  not  that  a  startling  conf irmation  of 
his  theory  of  identity?  And  if  the  jaws  of  insects  were 
limbs,  could  not  the  same  correspondence  be  carried 
throughout  the  other  systems  of  the  organism  and  into 
other  groups  as  well? 
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On  the  other  hand,  Goethe's  tendency  was  to  look  on 
all  things  in  an  evolutionary  perspective,  considering  the 
present  condition  of  the  organism  as  the  result  of  a 
long  developmental  history.  Moreover  he  had  grasped  the 
principle  that  evolution  proceeds  from  simple  to  complex, 
and  had  noted  that  in  lower  or  more  primitive  groups  the 
parts  of  the  organism  vrere,  in  general,  more  similar  and 
less  subordinated  to  one  another,  while  greater 
differentia  ion  and  interdependence  between  the  parts 
seemed  to  be  concomittant  with  increase  in  perfection 
of  organization.  With  the  thought  that  the  flat  bones  of 
the  skull  might  be  modified  vertebrae,  the  whole  puzzle 
fell  into  place.  The  unit  of  skeletal  structure  was  the 
vertebra..  And  when  he  set  up  a  type  of  primitive 
vertebrate  skeleton,  he  visualized  it  as  a  simple  axis 
of  relatively  undifferentiated  vertebrae,  "Thus  must  each 
man,"  as  Goethe  himself  says,  "be  led  or  misled  in  a  way 
peculiar  to  himself."  (l) 

Whatever  honor  attaches  to  the  original  discovery 
must  in  any  event  be  shared  with  the  one  who  by  dint  of 
tremendous  labour  worked  it  out  to  its  logical 
conclusion.  This  man  is  the  famous  anatomist,  Sir  Richard 
(1)  Goethe,  Poetry  and  Truth,  p.  143, 
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Owen,  who  set  up  a  typical  vertebra  as  an  archetype  of 
structural  unit  and  described  in  terms  of  this 
conception  all  the  skeletal  parts  of  every  known  vertebrate 
including  the  skull  and  appendicular  skeleton  as  well* 

The  typical  vertebra,  is  defined  by  Owen  as  "One  of 
those  segments  of  the  endoskeleton  which  constitutes  the 
axis  of  the  body  and  the  protecting  canals  of  the  nervous 
and  vascular  trunks."  (l)  Of  these  ’canals’  or  arches, 

1 

one,  (the  neural  arch)  should  form  the  protecting  walls 
of  a.  nervous  centre,  the  other  (the  haemal  arch)  those 
of  the  great  blood  vessels. 

Owen’ s  diagram  of  a  typical  vertebra.,  reproduced 
on  page  68,  shows  that  he,  as  well  as  many  others, 
conceived  the  typical  or  primordial  form  as  symmetrical 
and  perfect,  though  as  yet  undifferentiated.  Although 
this  representa.t ion  of  early  conditions  is  probably 
incorrect,  Owen’s  analysis  of  the  parts  of  the  existing 
vertebra.te  skeletons  wa.s  sound  a.nd  has  been  taken  as  the 
basis  of  our  modern  nomenclature . 

The  typical  vertebra  consists  of  a  cylindrical 
centrum  furnished  with  a  neural  arch,  a  haemal  arch,  and 
several  lateral  elements.  The  neural  arch  consists  of  a  pair- 

\)r  •  !  •  .i.  '  i-  •  ■  •  _  '  •-*' 

(1)  Lewes,  op.  cit.,  p.  362. 
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Keural  Spine , 
Zyganopliysis 

Neural  Canal 
Feur apophysis 

Diuooohysis ,,,,,,,, 

Pl.euran0nh.y3  i  3  ,  ,  ,  ,  , 

Parnooohysis 

Haemapophys is . . 

Haemal  Canal 


Haemal  Spine 


Fig  *5 


Oven* 


Diagram  of  a  typical  Vertebra 


to  illustrate  his  theory  of  the  Archetype.  (1) 


of  neuraponhyses  and  a  neural  spine,  and  bears  a  pair 
of  articular  processes,  the  zygapophyses ;  and  in  like 
manner  the  haemal  arch  is  composed  of  a  pair  of 
haemapophys es ,  a  haemal  spine  and  second  pair  of 
zygapophyses .  Of  the  lateral  pieces  the  central  ones  are 
the  pleurapophyses ,  or  rib  elements,  sometimes  forming 
free  ribs,  and  ventral  and  dorsal  to  these  lie 
\1)  Wilder,  1  The  History  of  the  Human  Body*  p.  565. 
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res  actively  the  parapo ohyses  and  diapophyses ,  more 
occasional  elements.  These  parts  of  the  vertebra  are 
fixed  together  so  that  a  vertebra  is  by  some  anatomists 
described  as  a  single  bone;  but  the  parts  now  mentioned 
are  usually  developed  from  distinct  a,nd  independent  cent¬ 
res,  and  are  therefore  called  by  Mr.  Owen  ’autogenous’ 
elements  (l).  From  this  typical  vertebra,,  Owen  was 
able  to  explain  the  skeletal  elements  in  each  segment  of 
the  body  in  every  vertebrate,  and  was  thus  able  to 
construct  the  skeleton  of  an  Archetype  consisting  of  a 
series  of  such  vertebrae  gradually  tapering  and  losing 
their  characteristic  features  in  the  caudal  region, 
somewhat  modified  a,lso  a,t  the  anterior  end,  through  the 
development  of  the  brain  and  the  introduct ionbf  the 
sense-organs.  The  skullwas  formed  by  four  vertebrae, 
called  na.sal,  frontal,  pa.rietal  and  occipital.  The 
figures  on  page  70  and  the  chart  opposite  show  the  bones 
of  the  skull  a.nd  corresponding  pa,rts  of  the  original 
vertebrae,  "Never  was  there",  says  Wilder,"  a  more 
stupendous  result  of  the  labour  of  a  single  human  life 
than  this  great  work  of  Owen,  and  yet  of  the  entire 
structure  reared  by  his  incessa,nt  toil  all  that  remains 
is  the  large  amount  of  accurate  description  and  a  great 
enrichment  of  osteological  nomenclature"  (2)  Yet  though 

the  term  ’  Arch_e  tJyj)e_l_  has_  j.  a  ripely  jgone  ou_t  o  f_  sclent  i  fi  c_ 

(1)  Whewhell,  optc it . , p.640, 

(2)  Wilder,  op.cit . ,p.569>  ’ 
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terminology  the  notion  is  by  no  means  foreign  to  modern 

thought  (1)  True,  the  work  of  Darwin  and  his  successors 

has  modified,  rendered  more  definite  our  conception  of  the 

factors  involved  in  evolutionary  change;  we  have  learned 

to  read  from  the  embryo logical  evidence  as  between  the 

lines  what  has  disappeared  from  the  record  of  adult  life 

forms.  Blood  tests,  more  subtle  and  convincing  than 

superficial  resemblances,  have  established  the  close 

relat ionship  of  allied  genera.  The  tar  pits,  the  frozen 

swamps,  dismal  oubliettes  of  Nature,  the  rocks  and  the 

sands  of  the  desert  have  been  made  to  yield  many  a  buried 

secret;  but  countless  gaps  remain  in  the  reconstruction  of 

evolutionary  lines.  And  so  we  must  still  proceed  by 

analogies,  and  by  simplification,  from  present  forms 

abstract  a  more  generalized  structural  type  which  may 

form  a  basis  for  classification.  Then  to  complete  the 

genetical  picture  we  must  discover  or  postulate  a  still 

more  primitive  hypothetical  common  ancestor  for  the  species 

which  compose  each  of  the  great  divisions  of  the  animal 

kingdom,  embodying  the  essential  elements  which  in  the 

course  of  time  attained  the  conditions  found  in  the  species 

we  now  know.  We  have  learnt  also  that  specialization  is 

(1)  Darwin  himself  in  the  "Origin  of  Species"  speaks  of  the 
"‘Archetype  of  all  Mammals'  and  of  the"  'general  plan"  upon 
which  they  are  constructed. 
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no  t  a  reversible  process,  and.  that  a  type  of  organism 
which  has  become  adapted  to  special  conditions  of 
existence  is  not  likely  to  give  rise  to  species  of  a 
higher  grade.  And  so  instead  of  visualizing  the  progress 
of  life  as  a  steady  a.dvance  throughout  the  scale  of 
organization  from  the  so-called  primitive  to  the  higher 
groups,  we  have  a  repeated  dichotomous  branching  of  the 
tree  of  life,  extinct  lines  bearing  witness  to  the  count¬ 
less  failures  of  Nature  in  her  empirical  attempts  at 
creation. 

The  ancestral  type  which  gave  rise  to  the  vertebrates 
is  not  known,  although  it  is  possible  to  set  up  the 
characteristic  features  that  such  a  creature  must  have 
possessed.  These  are: 

a.  Notochord; 
a  dorsal  nervous  system; 
a  pharynx  perforated  with  gill-slits; 
a  mid-ventral  endo style. 

It  may  be  interesting  in  this  connection  to  consider 
very  briefly  the  groups  of  primitive  chordates  which  lead 
:o  the  true  vertebra, tes.  Amphioxus  (the  lancelet)  is  of 
particular  interest  here  because  it  approaches  closely  the 
form  of  the  * ancestral  vertebrate*  as  conceived  by  Goethe 

and  other  18th  century  anatomists.  Hea.dless,1  "'but  completely 

CO  TboJf  \'s  ,  wiihou,  'Jis  ji  ncj”  - 
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segment  ed,  ( 1 )  with  neural  axis  and  notochord  (primordial 
dorsal  column),  "Had  it"  says  Wilder,  "been  known  to 
Goethe,  he  would  have  almost  denominated  it  the  realization 
of  the  primordial  Vertebrate,  an  incarnate  "Urbild* ", ( 2) 
Since  Goethe  was . primarily  concerned  with  the  bones 
of  the  skeleton  rather  than  with  internal  structures,  we 
may  leave  out  of  the  discussion  the  various  theories 
advanced  regarding  the  earlier  history  of  the  vertebrates. 
The  chart  reproduced  on  page  73  begins  at  the  point  of 
divergence  of  the  lines  leading  to  the  Echinoderms  and  to 
the  Ghordates  respectively.  As  indicated,  the  Hemichordates 
show  close  resemblances  to  the  former  in  the  larval  stage, 
while  chordate  characters  appear  in  the  adult.  The  t'unic- 
ates  have  developed  along  special  lines  so  that  similarities 
to  Amphioxus,  very  noticeable  in  the  larva  disappear 
completely  in  the  mature  individual.  It  may  readily  be 
seen  that  the  resemblance  of  Amphioxus  to  the  vertebrates 
is  a  very  close  one,  and  it  seems  probable  that  the  group 
has  developed  from  an  Amphioxus -like  form.  "Hewman,  in 

(1)  Segmentation  in  general  is  not  considered  by  modern 
Anatomists  as  a  fundamental  character,  but  one  easily 
acquired  and  thus  is  not  necessarily  a  characteristic  of 
the  group  from  which  Amphioxus  and  its  allies  have  come. 
(Wilder,  op.  cit.,  p.  587.) 

(2)  ibid,  p.  586. 
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BALAN0GL0S3US  ( Hemichordat  es ) 

(and  allies) 

Balanoglossus  possesses  the  chordate 


ECH INODERMS  characteristics  in  the  adult;  in  the  larval 


s  close  relationship  to  the 


(e,g.  Ciona) 


The  adult  is  a  sessile  form  without 
a  notochord  or  tubular  nerve  cord; 
the  larva  resembles  Amphioxus  in  that 
it  has  a  notochord,  segmented  muscles, 
a  central  nervous  system. 


PRIMITIVE  CHORDATES 


\  AMPHIOXUS  (the  lancelet) 

\  has  a  notochord, 

~  J-*rsal  nervous  system, 
3-rynx  with  gill-slits, 
1-ventral  endostyle, 

:y  rudimentary  cerebral 
lie  or  primordial  brain. 


VERTEBRATES. 


lb) 


neural  axis 
notochord 
intestine 
coelom 


( a )  Amphioxus, 

external  characteristics, 

(b)  transverse  section. 
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di sc us sing  this  possibility,  brings  out  the  fact  that  the 
present  da.y  species  manifests  dudl  tendencies  in  its  mode 
of  life.  Some  of  the  time,  they  are  active,  free  swimming 
animals ;  at  other  times  they  are  stationary,  remaining  in 
their  burrows  with  the  anterior  end  protruding,  waiting 
for  food  to  be  brought  to  them  in  the  currents  of  water. 
Newman  suggests  that  these  two  opposite  lines  of  develop¬ 
ment  may  well  have  been  followed  from  an  ancestral  form 
resembling  Amphioxus."  (1)  There  is  much  yet  to  be 
learned  of  the  relations  between  these  primitive  groups, 
before  we  ca,n  indicate  with  certainty  those  they  bear 
to  the  more  advanced  chordates.  Life  never  stagnates; 
these  species  though  primitive  in  organization,  have 
behind  them  an  evolutionary  histor3<r  as  long  as  that  of 
the  most  advanced  forms.  Fossil  evidence  is  apt  to  be 
meagre  or  non-existent  when  there  are  no  hard  parts 
(either  exoskeleton  or  bony  endoskeleton)  present.  And  so, 
regardless  of  the  vast  amount  of  knowledge  in  our 
possession,  "the  only  sure  statement  that  can  be  made  at 

the  present  time  is. that  the  real  ancestor  of  the  vertebrat 

/ 

es  is  still  unknown,  and  unless  numerous  missing  links 

( 1 )  Messer,  Introduction  to  the  Comp.  Anatomy  of 
vertebrates ,  p.  358. 
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are  uncovered  by  future  discovery  and  investigation, 
the  question  of  the  origin  of  the  chordates  may  well 
remain  an  unsolved  problem."  (l) 

So  much,  then,  for  the  notion  of  a  primitive  simple 
bony  axis.  The  lowest  group  of  the  true  vertebrates,  the 
Cyclostom.es,  still  without  bony  tissue,  show  an  advance 
in  brain  development  which  represents  the  diff erent iation 
of  a  cephalic  portion  from  the  neural  axis  of  Amphioxus 
(fig.  9,  p.  76).  We  find  in  early  fossil  remains  of 
fishes  protective  shields  of  superficial  origin  over 
what  must  have  been  a  well  developed  cephalic  region 

long  before  any  true  bone  arises  in  the 
endoskeleton,  so  that  the  conception  of  the  facial  bones  as 
being  derived  from  modified  parts  of  a  true  vertebra  is 
not  supported  by  the  facts.  The  study  of  embryological 
development  has  proved  most  enlightening  on  this  point, 
and  it  is  chiefly  from  this  source  that  our  present  day 
knowledge  of  cephalogenes is  is  drawn. 

It  will  be  granted  now  that  on  i?h  the  whole,  Goethe 
was  inspired  by  a  true  and  penetrating  insight  into  the 
ways  of  Hature.  That  he  sometimes  was  led  through  lack  of 
available  knowledge  to  erroneous  surmise,  is  no  great 
blame  to  him,  when  weighed  against  the  great  impetus  that 


(l)  Messer,  op.  cit . ,  p.  359. 
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A-  longitudinal  section  of  the  head  region  of  Amphioxus, 
a-spinal  cord;  b-eye-spot;  c-notochord;  d-orAl  hood; 
e -mouth;  f- pharynx. 

B  and  C-  division  of  bra-in  into  primary  and  secondary 
vesicles. 

B-  fore-  mid- and  hind  brain  (pros-  mes-  and  rhombence¬ 
phalon)  The  first  seems  to  represent  the  very 
rudimentary  cerebral  vesicle  found  in  Amphioxus 
(primordial  brain)  ;the  others  may  be  taken  to  repre¬ 
sent  the  anterior  end  of  the  spinal  cord,  which 
become  added  to  the  brain  at  some  point  between 
Amphioxus  and  the  Cyclos tomes. 


C-  shows  the  tendency  to  narrowing  of  the  neural  tube 
a.nd  to  lateral  lobe  development. 

B^C 

(After  Wilder,  fig. 151) 


- 
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his  precept  and  example  gave  to  Science  for  in  his  own 
words,  "a  false  theory  which  stimulates  men  to  research 
is  better  than  a  correct  one  which  is  accepted  without 
question", 

I  have  tried  to  summarize  as  briefly  as  possible 
Wilder’s  remarkably  clear  outline,  (l)  since  a  general 
idea,  of  the  real  nature  of  the  elements  in  the  skull  is 
alone  pertinent  to  our  subject. 

The  Ontogenetic  history  of  the  skull,  a  complex  of 
skeletal  elements  developed  at  the  anterior  end  of  the 
notochord,  is  singularly  constant  in  all  classes,  and  we 
may  thus  feel  confident  that  we  have  inthis  a  repetition 
of  stages  once  passed  through  by  the  adult  ancestors  of 
the  present-day  vertebrates.  It  is  true  that  the  early 
stages  thus  indicated  do  not  correspond  with  the  adult 
condition  of  any  form  now  living,  but  of  the  two  types 
in  which  we  might  expect  to  find  a  correspondence  with 
this  period  of  the  history,  Amphioxus  has  no  head,  and, 
of  course,  no  skull,  and  the  cyclostomes  with  their 
parasitic  habit  are  too  much  modified  to  be  reliable; 
there  is  moreover,  an  enormous  gap  between  the  two,  and  a 
second,  almost  as  great,  between  the  latter  and  the 
(1)  Wilder,  op,  cit,,  pp.  143  ff . ;  pp.152  ff.. 
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selachians,  so  that  it  may  well  be  conceded  that  adult 
animals  representing  the  stages  indicated  by  the 
embryonic  history  once  existed  in  the  places  now  left 
vacant.  The  condition  found  in  the  Selachian  (dog-fish) 
skull  verifies  the  record  at  an  important  point.  It 
appears  then  that  the  ancestral  vertebrate,  after  the 
acOjUirement  of  the  prechordal  addition  to  its  head, 

(see  page  76,  figure  9,  developed 

several  pairs  of  external  sense  organs  in  the  cephalic 
region,  three  of  which  ,  the  nasal  sacs,  the  eyes,  and 
the  (inner)  ears,  have  persisted.  Of  others  which  must 
have  been  elaborated  and  since  lost,  there  are 
indications  in  early  embryonic  life  as  well  as  in  the 
arrangement  of  the  nerves  in  the  adult.  At  this  time  the 
notochord,  terminating  at  the  hypophysis,  a  downgrowth 
of  the  brain  just  anterior  to  the  ear  capsules,  was  the 
only  skeletal  element  in  the  head,  and  could  have  had 
little  value  as  an  organ  of  support,  and  none  whatever 
as  an  organ  of  protection.  This  condition  of  affairs  is 
represented  in  Figure  10a  which,  it  must  be  noted, 
represents  the  head  as  seen,  not  from  above  as  it  is 
more  usually  drawn,  but  from  below,  a  view  that  enables 
one  to  see  the  notochord  and  its  termination  behind  the 
hypophysis.  To  this  condition  there  are  added,  but  no  one 
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A-  B.  C. 

Fig. 10-  the  Chondrocranium.  ( or  primordial  skull) 
Since  the  skull  develops  primariljr  beneath  the 
brain  as  a  support,  the  figures  represent  the 
ventral  aspect. 


A-  early  stage,  before  the  appearance  of  cartilage. 
The  notochord  is  seen  lying  along  the  nerve  cord 
as  far  forward  as  the  hypophysis.  The  three  sense 
organs, nose  eye  and  ear,  have  already  appeared. 

B-  This  stage  shows  the  Tralbeculae  (t),the  Para- 
chordals  (p)  and  the  capsules  around  the  sense 
organs. 

C-  In  this,  the  Trabeculae,  the  Parachordals,  the 
nasal  and  otic  capsules  have  fused  into  a  single 
mass,  the  primordial  skull  or  Chondrocranium. 

The  anterior  end  of  the  notochord  is  embedded  in 
this. The  cartilaginous  capsule  of  the  eye  remains 
free  to  allow  the  necessary  movements  of  the 
eyeball. 


. 
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yet  knows  how  or  from  what  source,  two  pairs  of 
laterally  placed  cartilages,  (fig.  10,  B. )  the  one  along¬ 
side  the  notochord  and  the  other  anterior  to  it,  the 
parachordal  and  prechordal  elements  respectively.  At  the 
same  time  the  three  persisting  pairs  of  sense  organs 
become  enclosed  by  cartilaginous  ca.psules,  differing 
somewhat  in  their  development,  according  to  the  needs  of 
the  organ.  Thus  the  nasal  capsules  remain  open  anteriorly 
for  the  free  admission  of  the  fluids  to  be  tested,  the  eye- 
capsules  involve  the  sclera  alone,  while  the  otic 
capsules  usually  become  entirely  closed  and  develop 
fairly  thick  walls,  since  sound  vibrations  can  pass 
easily  through  solids  and  do  not  need  a  special  opening. 

As  these  several  cartilaginous  elements,  the  para-  and 
prechordals  and  the  sense  capsules,  increase  in  size,  they 
fuse  together  as  shown  in  Figure  10c.  This  merging  of 
cartilaginous  elements  includes  the  aonterior  end 
of  the  notochord  which  becomes  lost  in  the  general  mass. 
There  is  thus  formed  a  single,  curiously  shaped  piece  of 
continuous  cartilage,  composed  of  all  the  elemenoary 
pieces,  with  the  natural  exception  of  the  optic  capsules, 
which  must  remain  free  to  allow  the  turning  of  the  eyeball. 
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This  consolidated  piece  is  termed  the  Primordial  Skull  or 
Chondrocranium,  and  remains  at  this  stage  in  selachians, 
where  it  is  characteristic  of  the  entire  order,  being 
throughout  life  without  trace  of  ossification. 

It  is  a  natural  supposition  drawn  from  common 
experience  that  a  skull  is  intended  for  the  protection  of 
the  brain,  but  in  this  case  the  function  is  rather  that 
of  support,  since  it  lies  laterally  to  and  in  part 
beneath  the  brain,  leaving  practically  the  entire  dorsal 
and  the  anterior  part  of  the  ventral  aspects  without 
protection.  In  the  adult  selachia.ns,  indeed,  these 
deficiencies  are  made  up  in  part  by  the  formation  of 
firm  membranes,  continuous  with  the  cartilage  and 
closing  in  the  open  fontanelles,  but  they  are  plainly 
secondary  modifications  for  use  during  the  active  adult 
life  of  these  animals,  and  do  not  appear  in  the  embryonic 
history  of  higher  forms.  Beginning  with  this  universal 
chondrocranium,  or  ’primordial  skull’,  the  true  cranium 
of  all  higher  vertebrates  is  acquired  by  the  addition  of 
true  bone,  which  arises  from  two  sources  of  origin^  the 
first  are  the  cartilage  bones;  the  second,  dermal  bones. 
Cartilage  bones  appear  as  centers  of  ossification  within 
the  cartilage  of  the  primordial  cranium  itself,  developing 
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at  those  spots  where  either  the  strain  of  a  movable 
joint  or  that  of  some  other  mechanical  force  causes  stress 
In  other  words,  their  origin  seems  to  be  due  to  physiolog¬ 
ical  reasons. 

The  physiological  needs  which  have  called  the 
cartilage  bones  into  existence,  have  retained  the  original 
topographical  relationships  of  these  elements,  and  thus 
render  the  tracing  of  the  homologies  of  cartilage  bones 
throughout  all  vertebrates  definite  and  positive.  The 
dermal  bones,  on  the  other  hand,  have  no  close  relation¬ 
ship  with  the  primordial  cranium,  but  arise  from  the 
external  covering  of  scales,  which  at  first  cover  the 
exterior  and  also  lines  the  mouth-cavity  and  pharynx. 

At  their  first  appearance  these  dermal  bones  are  much 
more  nearly  uniform  in  size,  (Fig.  11  A,  page  83)  but  even 
here  they  are  relatively  much  larger  than  placoid  scales 
would  be  supposed  to  be,  and  are  more  probably  to  be 
considered,  not  simply  modified  scales,  but  scutes  or 
plates  formed  by  the  coalescence  of  many  scales  or  scale 
bases,  quite  the  same  structures  as  the  similar  scutes, 
which,  in  several  longt itudinal  rows  protect  the  otherwise 
naked  skin  of  the  sturgeon.  (Fig.  11,  B.)  In  Ganoids,  and 
throughout  the  higher  fishes,  these  external  scutes  of  the 
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A  -  Dipterus,  A  Devonian  Dipnoan. 
B  -  Sturgeon  (Acipenser); 

C  -  Turtle; 

D  -  Salamander  ( Amblysloma) ; 

E  -  Sea-Lion  (otaria) ; 

E  -  Human  infant,  lateral  view. 


ROS. . Rostral  plates; 

M. . .  .Hasal ; 

F . .  .  .Frontal ; 

Pr  F.. . Pre-frontal; 

Post  F. .... .Post-frontal ; 

PMX. ....... .Pre-max illary ; 

Mx . Maxillary ; 

J . .  .Jugal ; 

QJ . Quadrato- j  ugal ; 

P . .Parietal ; 

Sq ........ . .Squamosal ; 

Pt . Pterygoid ; 

PO... .......Pro-otic; 

00 . . . . .  .Opisth-otic  ; 

SO . Supra-occipital ; 

OClat., . Lateral  Occipital; 

OP . .Opercular  ; 

S  Cl . . .  .Supra-clavicle  ; 

D . Dentary. 


(1)  A,B,C,D,  and  E,  after  Wilder,  The  History  of  the 
human  Body. 

F,  after  Messer,  Introduction  to  Comparative  Anatomy, 
P.  171. 
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head  and  gill  region  form  a  complete  outside  skull, 
within  which  the  older  ca.rt ilaginous  skull  is  encased, 
strengthened  by  a  more  or  less  continuous  set  of 
cartilage  bones,  an  externa.l  bony  skull  encasing  an  inner 
one  that  is  partly  cartilaginous. 

Presumably  as  is  seen  in  certain  Devonian  Dipnoi 
(Fig.  11  A.),  the  dermal  skull  of  the  earlier  fishes  was 
composed  of  rather  small  scutes,  approximately  of  the 
same  size  and  hexagonal  in  outline,  but  even  here  there 
was  shown  a  tendency  to  emphasize  the  scutes  in  certain 
places,  which  in  their  descendants  became  fixed  and 
constant.  Thus  although  we  are  not  in  possession  of  a 
definite  criterion  for  exact  homologies,  it  is  still 
possible  to  compile  a  description  of  the  separate  bony 
elements  of  the  vertebrate  skull,  a  description  which  may 
serve  as  a  guide  to  the  determination  of  the  probable 
elements  in  definite  cases. 

The  Roof  -  In  all  vertebrate  skulls  above  the  elasmobranchs 

with  very  few  exceptions)  a  line  drawn  across  the  top 
connecting  the  centres  of  the  orbits  crosses  a  pair  of 

I* 1  ermal  bones  in  contact  with  each  other  in  the  median 
ine,  the  two  fronta.ls.  In  front  of  these,  also  in 
contact  with  each  other  medially,  are  the  two  nasals, 
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while  behind  the  frontals  are  the^wo  parietal  s.  In 

some  primitive  forms  a  pair  of^  supra-occ  ipitaL  s  or  a 

v 

single  median  piece  occursbehind  these.  Other  elements 
ma.y  occur  between  the  two  parietal  s  and  between  the 
frontals.  The  nasals  border  with  their  anterior  margins 
the  exterior  nares. 

The  Orbital  Ring  -  Of  the  bony  elements  which  surround 
the  orbit  in  Ganoids  and  Teleosts  the  pre-  and  postfrontals 
persist  here  and  there  as  far  as  the  reptiles  while  the 
bone  which  is  in  front  of  the  orbit,  originally  upon  the 
face,  becomes  the  lacrymal.  The  post-orbital  is  recogni¬ 
zable  in  many  amphibians  and  reptiles,  and  other  elements 
in  the  same  region  continue  in  all  the  higher  animals  as 
the  jugal.  This  becomes  a  very  important  bone  in  mammals 
with  heavy  jaws,  furnishing  the  mean  support  for  the 
masseteric  muscle. 

The  Otic  region  -  This  region,  lateral  to  the  parietal,  is 
very  complicated,  owing  to  the  combination  of  both  dermal 
s.nd  cartilaginous  elements,  as  well  as  elements  derived 
from  the  visceral  skeleton  (original  cartilaginous 
supports  of  gill-slits)  which  participate  in  the 
formation  of  the  jaw  and  in  biting  and 
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chewing.  (1)  This  region  is  based  upon  a  cartilaginous 
capsule,  originally  distinct,  in  which  there  appears 
early  several  centers  of  ossification,  typical  cartilage 
bone. 

The  upper  Jaw.  -  of  the  Elasraobranchs ,  originally  a  part 
of  the  mandibular  arch  (two  pairs  of  cartilages  between 
which  is  the  mouth  opening,  dor ived  from' -what 

gUrT-sTit-s^ ,  becomes  in  the  Ganoids  and  from 
thence  throughout  replaced  by  a  series  of  dermal  bones. 
These  are  supplied  typically  with  teeth  and  occupy  the 
outer  margin  as  far  a.s  the  suspension  of  the  mandible. 
Beginning  at  the  anterior  end  they  are  the  Pre-max illary, 
Maxillary,  Jugal  and  Quadrato- jugal. 


(l)  The  visceral  skeleton  of  selachians  consists  of  a 
series  or  pairs  of  cartilages,  more  or  less  simple  rods 
alternating  with  gill  slits  opening  into  the  cavity  of  the 
pharynx.  Some  of  these  cartilaginous  elements  have  become 
incorporated  in  the  skeleton  of  the  vertebrate  head.  The 
first,  or  mandibular  arch,  became  folded  about  the  mouth 
so  as  to  make  a  pair  of  serviceable  j aws ,  both  upper  and 
lower,  with  each  of  which  several  rows  of  pointed  placoid 
scales  are  associated  to  serve  as  teeth. 

We  can  here  observe  the  jaws  and  teeth  of  the  vertebrat¬ 
es  almost  at  their  birth,  and  can  learn  the  source  from 
which  the  material  was  derived  and  hov/  it  was  first  trs.ns- 
formed.  Between  these  and  the  same  organs  in  the  higher 
vertebrates  hoY/ever,  there  is  much  addition  of  new 
material  and  replacement  of  old  with  the  one  object  in  view 
of  increased  physiological  effectiveness.  Richard  Owen 
had  recognized  that  the  jaws  originated  from  the  two 
first  haemal  arches  of  the  visceral  skeleton. 
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There  are  numerous  other  elements  the  homologies 
of  which  are  by  no  means  sure,  and.  some  which  have  been 
omitted  from  the  outline  above  to  a, void  carrying  the 
discussion  into  irrelevant  channels. 

It  may  be  seen  then,  that  in  spite  of  the  fact  that 
it  islonly  partly  correct^the  vertebral  theory  of  the 
origin  of  the  skull  is  one  which  has  been  most  fertile  in 
results.  It  has  inspired  scientists  to  fruitful  labours 
which  have  thrown  much  light  on  the  general  fact  of 
Metamorphosis  or  Evolution.  (!) 


^i)MHuxley  says  in  his  Groonian  Lecture:  ’The  fallacy 
involved  in  the  vertebral  theory  of  the  skull,  is  like 
that  which  before  Von  Baer  infested  our  notions  of  the 
relations  between  fishes  and  mammals.  The  mammal  was 
imagined  to  be  a  modified  fish,  whereas,  in  truth,  both 
fish  and  mammal  start  from  a  common  point,  and  each 
follows  its  own  road  thence.  So  I  conceive  what  the  facts 
teach  us  in  this:-  the  spinal  column  and  the  skull  start 
from  the  same  primitive  condition  -  a  common  central, 
plate  with  its  laminae  dorsal es  and  ventrales  -  whence  they 
immediately  begin  to  diverge.  The  spinal  column,  in  all 
cases,  becomes  segmented  into  its  somatomes;  and  in  the 
great  majority  of  cases  distinct  centra  and  intercentra 
are  developed,  enclosing  the  notochord  more  or  less 
completely.  The  cranium  never  becomes  segmented  into 
somatomes;  distinct  centra  and  intercentra,  like  those  of 
the  spinal  column,  are  never  developed  in  it.  Much  of  the 
basis  cranii  lies  beyond  the  notocord.  In  the  process  of 
ossification  there  is  a  certain  analogy  between  the 
spinal  column  and  the  cranium,  but  the  analogy  becomes 
weaker  as  we  proceed  towards  the  anterior  end  of  the 
skull."  (Lewes,  op.  c i t . ,  p.  363.) 
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PLABT  ME  T  AMOR  PH  0  S I S 

"Dich  verwirret,  Geliebte,  die  tausendfalt ige  Mischung 
Dieses  Blumengewuhls  uber  dem  Garten  umher ; 

Viele  Namen  horest  du  a.n,  und  immer  verdranget 

Mit  barbarischem  Klang  einer  den  andern  im  Ohr. 

Alle  Gestalten  sind  ahnlich,und  keine  gleichet  der  andern, 
Und  so  deutet  das  Chor  auf  ein  geheimes  Gesetz#, 

Auf  tlein  heiliges  Ratsel.O  konnt  ich  dir ,  liebliche  Preundin, 
Uberliefern  so  gleich  glucklich  das  losende  Wort* 11  (1) 

It  was  actually  to  Bota.ny  and  Geology  that  Goethe 
first  devoted  himself  seriously.  Soon  a.fter  his  arrival 
in  Weimar  (1775)  he  accepted  official  duties  which  led 
him  to  undertake  frequent  trips  throughout  the  country, 
in  the  interest  of  Forestry,  Mining,  or  Agriculture.  At 
the  same  time  his  love  of  plants  found  a.rtistic  expression 
in  such  constructive  activities  as  the  laying  out  of 
gardens  for  the  Duke  and  the  planting  and  care  of  his  own; 
for  the  first  several  years  of  his  sojourn  in  that  city 
were  largely  spent  on  a  charming  little  estate  just  beyond 
the  gates,  not  far  removed  from  the  castle,  where  he  could 
enjoy  hours  of  restful  solitude  among  his  beloved  trees 
and  flowers. 

How  completely  the  vegetable  world  took  possession  of 
him  can  be  seen  from  the  record  of  his  botanical  studies 
he  later  included  among  his  biological  writings  (2).  In 

(1)  Die  Metamornhose  der  Pflanzen,  glegie,  Goethe, 
op.  c i : . ,  p.  275, 

(2)  Geschichte  meine'r  botanische -  St  ;dien,  Goethe, 
op,  cit. , 
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meadow  and  field,  forest  and  hillside  he  learned  to  read 
the  characters  of  Nature  before  he  sought  instruction 
from  books.  He  says  in  this  essay  that  the  story  of  his 
botanical  education's  much  the  same  as  that  of  the  science 
itself,  because  he  had  to  consider  plants  first  of  all 
from  their  economic  aspect,  seeking  to  stop  or  prevent  the 
abuse  of  the  natural  resources  of  the  Pr inc ipality.  Dr. 
Buchholz,  the  great  chemist,  taught  him  to  know  the 
medicinal  plants  which  grew  in  abundance  in  his  garden, 
stimulating  his  interest  in  other  species.  During  the 
many  excursions  he  ma.de  with  Carl  August  or  with  other 
friends  nothing  escaped  his  keen  observing  eye.  While 
the  trees  might  be  the  main  object  of  the  survey,  his 
attention  was  also  shared  by  the  plants  of  lower  strata  of 
vegetation.  The  mosses  which  carpeted  thickly  the  cool 
shady  ground  beneath,  the  flowers  which  added  brightness 
and  variety  to  the  luxuriance  of  their  manifold  shadesof 
jgreen.  Before  long  his  enjoyment  of  these  was  translated 
into  written  composition,  th£:  first,  a  monograph  on 
mosses.  To  consider  nature  from  a  utilitarian  viewpoint 
was  not  enough  to  satisfy  him.  prom  this  stage  of 
knowledge  he  passed  soon  to  the  one  of  the  desire  to 
know  for  the  sake  of  knowing.  He  tried  eagerly  to  resolve 
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the  myriads  of  plant  forms  about  him  into  some  clear, 
orderly  picture,  and  at  first  sought  the  formula  in 
Classification.  "Linnes  rPhilosophie  der  Botanik*  war 

- - .  i  .  . 

.  "  .  1 1 

mein  tagliches  Studium,  und  so  ruckte  ich  immer  weiter 

1 1 

vor  in  geordneter  Kenntnis,  indem  ich  mir  moglichst 
anzueignen  suchte,  was  mir  eine  allgemeinere  Umsicht  uber 
dieses  weite  Reich  verschaffen  konnte.  (1)  However,  this 
mode  of  treatment  of  living  things  did  not  altogether 
satisfy  him,  "Dergleichen  Behandlung  erschien  mir  immer 
als  eine  Art  von  Mosaife,  wo  man  einen  fertigen  Stift 
neben  den  andern  setzt,  um  aus  tausend  Einzelnhe iten 
endlich  den  Schein  einesBildes  hervorzubr ingen,  und  so 
war  mir  die  Forderung  in  diesem  Sinne  gewissermassen 
wider 1 ich."  (2) 

Wherever  he  went,  he  was  deeply  impressed  by  the 
variations  in  form  associated  with  variations  in  the 
environment.  "Hier  drang  sich  nun  dem  unmittelbaren 
Anschauung  gewaltig  auf ,  wie  jede  Pflanze  ihre  Gelegeriheit 

i* 

sucht,  wie  sie  eine  Lage  fordert,  wo  sie  in  Fulle  und 
Freiheit  erecheinen  konne.  Bergeshohe,  Talestiefe,  Licht, 

li 

Schatten,  Trockenheit,  Feuchte,  Hitze,  War me,  Kalte, 

Frost,  und  wie  die  Bedingungen  alle  heiszen  mogen. 

(1)  Geschicht e  meiner  bota.nische  Btudien ,  Goethe,  op.  c i t . I 
r>  257 

(2)  ibi d,  p.  265. 
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Seschlechter  und  Art  verlangen  sie,  urn  mit  volltger 
Kraft  und  Menge  hervorzupr ieszen. "  (1)  And  he  was  filled 
with  wonder  at  the  "versatility  of  organs",  noting  for 
instance  how  the  shape  of  leaves  may  vary  according  to  the 
degree  of  exposure,  not  only  in  different  situations,  but 
on  the  self  same  plant  at  different  levels,  and 
recognized  as  leaves  reduced  forms  like  scales,  bracts, 
stipules,  etc,  "v7enn  ich  an  demselben  Pf lanzenstengel 
erst  rundliche,  dann  eingekerbte,  zuletzt  beinahe 
gefiederte  Blatter  entdeckte,  die  sich  alsdann  wieder 
zusammenz ogen,  vereinf achten,  zu  Schuppchen  y/urden  und 
zuletzt  ver schwanden,  da.  verlor  ich  den  Mut,  irgendwo 
einen  Pfahl  einzuschlagen  oder  wohl  ga.r  eine  Grenzenlinie 
zu  ziehen".  Thus  did  he  realize  the  difficulty  of 
drawing  sharp  dividing  lines.  He  could  not  fit  Nature  as 
he  saw  it  into  a  system  which  "separated  Genus  from 
Genus,  species  from  species,  as  a  thing  y/hich  ha.d 
existed  since  the  days  of  Adam,  and  was  unchangeable "  (2) 
Unau^losbar  schien  mir  die  Aufgabe,  Genera  mit  Sicherheit 
zu  bezeichnen,  ihnen  die  Spezies  unterzuodnen"  (3), 

( 1 )  Geschichte  meiner  botanische  Studien,  Goethe,  op,  cit., 
I,  p.  266, 

(2)  Bielschowsky,  on,  cit.,  Ill,  p.  105, 

( 3 )  Geschichte  meiner  bola.nische  Studien ,  Goethe,  op,  cit , , 
I,  p.  259. 
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And  he  despaired  in  this  purely  descriptive  manner  to 
arrive  at  a  comprehensive  view  of  life,  for  instead  of 
seeking  to  bring  them  together  in  a  grand  synthesis,  the 
tendency  was  to  "further  split  groups  into  genera,  genera 
into  species,  and  species  into  varieties"  Indeed,  "die 
|anze  Botanik,  deren  Studium  wir  so  emsig  verfolgten,  sei 
nichts  we  iter  als  eine  Nomenclatur  und  ein  Ganzes  auf 
Zahlen. . . , .Sie  konne  weder  dem  Verstand  noch  der 
E i rib il dung skraf t  genugen,  und  niemand  werde  darin 
irgendeine  auslangende  Folge  zu  finden  wissen"  (<(-) 

''Goethe  once  said  that  after  Shakespeare  and  Spinoza, 
the  greatest  influence  was  exerted  upon  him  by  Linne',  not 
because  he  felt  himself  related  to  him,  but  because  of 
the  very  opposition  to  which  Linne/  challenged  him\'(2) 

What  he  saw  daily  in  wood  and  garden  seemed  to  contradict 
the  spirit  of  the  systematist,  and  a  million  witnesses 
quietly  strove  to  create  and  strengthen  a  conviction  that 
forms,  instead  of  being  rigidly  determined  and 
established  rather  "ihnen  sei  vielmehr  bei  einer 

il 

eigensinnigen  generischen  und  spezifischen  Hartnackigkeit 

(1)  Geschichte  meiner  botanische  Studien,  Goethe,  op.  cit., 
I,  p.  268 . 

(2)  Bielschowsk^,  op.  cit. , 


III,  p.  105 
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i »  fl 

eine  gluckliche  Mob il i tat  und  Biegsamkeit  ver^iehen,  um 

in  so  viele  Bedingungen,  die  uber  dem  Erdkreis  au}  sie 

einwirken,  sich  zu  fugen  und  darnach  bilden  und  umbilden 

zu  konnen,  (1)  so  that  Genus  can  change  to  species, 

species  to  variety,  end  under  other  conditions  varieties 

can  change  ad  infinitum" 

"Und  umzuschaffen  das  Geschaffne, 

Damit  sich’s  nicht  zum  Starren  waffne, 

Wirkt  ewiges,  Lebendfges  Tun. 

Es  soli  sich  regen,  schaffend  handeln, 

Erst  sich  gestalten,  dann  verwandeln; 

•  Bur  scheinbar  steht’s  Moment e  still."  (2) 

The  answer  to  the  question  ’what?*  might  enable 

the  student  of  nature  to  distinguish,  to  name,  organisms, 

but  gave  him  no  help  in  visualizing  Creation  as  a  whole, 

or  in  unders tanding  the  relationships  between  parts  of 

the  Y/hole.  The  vastness  of  the  realm  to  be  conquered  was 

a  challenge  to  his  genius.  A  mere  student,  his  very  lack 

of  systematic  knoY/ledge  must  be  turned  to  advantage. 

He  was  familiar  enough  with  the  established  system  to 

reject  it  as  both  cumbersome  and  sterile.  Eor  him  there 

must  be  a  different  approach,  a.  general  principle  which 

( 1 )  Geschich te  meiner  botanische  Studien,  Goethe,  op,  c  i  t . , 
I,  p.  268. 

(2 ) (E ins  und  Alles.)  Bielschowsky ,  ou.^cit.,  Ill, p. 105. 
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would  provide  him  with  a  short  cut  to  the  heart  of  the 
problem.  Henceforth  he  sought  the  key  in  the  answer  to' 
the  question  ’how?’,  and  the  method  which  was  here  as 
in  the  study  of  animal  forms,  for  him  the  natural  one, 
was  the  comparative  method. 

Mindful  of  Turpin's  precept  that  "Voir  venir  les 
choses  est  le  meilleur  moyen  de  les  expliquer"  (1)  he 
began  to  make  and  systematically  record  observations 
based  on  all  manner  of  plants  which  he  grew  from  seed  to 
maturity,  making  use  chiefly  of  annual  species  "so  as  not 
to  lose  the  thread  of  development  in  its  various  stages".  (2 
He  did  not  neglect  other  modes  of  propagation.  Buds, 
slips,  cuttings  found  their  way  to  his  garden,  theatre  of 
many  experiments  and  thus  more  than  ever  a  source  of 
manifold  delights.  Throughout  the  years  that  his  official 
duties  were  most  demanding,  his  scientific  preoccupations 
never  ceased.  Once  in  a  vdiile  he  y/ould  escape  to  Jena, 
where  he  would  devote  a.  few  days,  never  more  than  a  week 
at  a  time,  to  the  study  of  Osteology  in  the  company  of 
Loder.  How  fruitful  these  hours  were  soon  appeared  in  his 

tt 

first  Essay,  "Tiber  den  Zwischenkief er  des  Menschen  und 

der  Tiere"  (1784-5),  This  was  a  definite  proof  that  he 

(l)  Motto  of  Essay  entitled  "Geschichte  meiner 
botanische  Studien, "  Goethe,  op.  cit.,  I,  p.  252, 

127  Rue kb lick  und  liber  gang,  Goethe,  op.  cit.  I,  p.  235. 
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was  on  the  right  track,  and  the  unfayourcble  reception 
accorded  his  discovery  by  the  scientific  world  could 
not  deter  him  from  pursuing  the  great  principle  which 
seemed  so  nearly  within  reach,  yet  tantaliz ingly  eluded 
him  still.  In  1786,  the  burden  of  his  dutie^grew  onerous, 
partly  owing  to  his)f ailing  health,  and  he  decided  to  leave 
behind  him  Weimar  and  the  cares  of  public  life  to  make  the 
trip  to  Italy,  so  long  postponed.  This  was  no  holiday, 
no  cessation  of  activity  but  a  change  of  scene  necessary 
for  the  restoration  of  his  health  and  his  peace  of  mind. 

In  an  earlier  manuscript  of  the  Essay  referred  to  above 
(l),  Goethe  says  in  speaking  of  this/Voyage :  "In  the  year 

referred  to  (1786)  I  journeyed  to  Italy  with  the  hard 

§ 

task  of  solving  more  than  one  riddle  which  was  a  burden 
upon  my  life.  The  study  of  plants  forced  itself  upon 
me."  (2)  In  order  to  have  as  much  freedom  as  possible 
to  devote  to  his  investigations,  he  travels  incognito 
and  reveals  his  identity  to  only  very  few  friends  in 
Rome.  His  letters  are  full  of  his  pleasure  in  the 
scenery.  How  faithfully  and  joyfully  he  relates 
incidents,  describes  the  geological  features  of  the  laid 
traversed,  and  observes  changes  in  the  vegetation  which 

(1)  Geschichte  meiner  botanische  Studien, 

(2)  Bielschowsky,  op,  c i t . ,  III,  p.  98. 
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firs1  alters  its  aspect  in  the  Alpine  region,  where  the 
altitude  produces  marked  climatic  differences.  (1) 

As  he  draws  nearer  to  hisjdest inat ion,  he  finds  many  trees 
adorning  the  countryside  which  heretofore  had  been 
familiar  to  him  only  as  a  denizens  of  the  greenhouse.  In 
Padua,  the  Botanical  Garden  reveals  to  the  inquisitive 
traveller  the  full  glory  of  the  Italian  flora.  As  he 
enters  this  fairy-land  of  the  vegetable  world,  his 
enchanted  eyes  are  greeted  by  the  fiery  splendour  of 
Bignonia.  rad  leans  in  full  bloom.  But  the  magic  of  colours 
does  not  make  him  forget  the  riddle  he  has  come  so  far  to 
solve:  "Eine  Pacherpalme  zog  meine  ganze  Aufmerksamke it 

M 

auf  sich;  glucklicherweise  standen  die  einfachen, 

n 

lanzenf orrnigen  ersten  Blatter  noch  am  Boden,  die 
suezessive  Trennung  derselben  nahm  zu,  bis  endlich  das 

n  .  . 

Eacherartige  in  vollkommener  Ausbildung  zu  sehen  war."  (2) 
Pompeii,  Herculaneum,  and  Padua  interested  him  less  than 
might  have  been  anticipated.  "The  book  of  nature",  he 
says,  "is  after  all  the  only  one  which  has  in  every  page 
important  meanings".  (3) 

(1)  Der  Larchenbaum,  haufiger  als  sonst,  die  Zirbelnusz, 
eine  neue  Erscheinung,  machten  sogleich  auf  klimatischen 
Einflusz  dringend  aufmerksam.  Andere  Pflanzen,  mehr  oder 
weniger  verandert,  blieben  bei  eiligem  Voruberrollen 

n i ch t  unb emer k t . "  Geschichte  meiner  botanische  Studien , 
Goethe,  op.  cit. ,  I,  p.  267. 

(2)  jhMf  P,  267. 

(3)  Lewes, op.  cit.,  p.  299, 


.  "  : 


J  I 


* 

< 

•  ' 

. 

• 

► 

r  « 

*  •  » 

*  * 

• 

• 

-98- 


In  Rome  as  in  Weimar,  the  thought  of  his  great 
quest  never  left  him.  He  writes  to  Frau  von  Stein,  July  6, 
1786:  "I  have  again  been  able  to  observe  beautiful 
qualities  in  flowers,  and  before  long  all  life  will 
appear  to  my  mind  in  a  bright  a.nd  clear  light".  Three 
days  later:  "The  Vegetable  Kingdom  is  raging  again  in 
my  soul;  I  cannot  rid  myself  of  it  for  a  single  moment: 
am  however  making  findfe,  progress ... .What  rejoices  me 
most  at  present  is  the  nature  of  plants  which  is  pursuing 
me,  s.nd  that  is  really  the  way  a  thing  becomesjone’ s  own. 
Everything  is  forcing  itself  upon  me,  I  no  longer  reflect 
upon  it,  everything  comes  to  me,  and  the  vast  kingdom  is 
simplifying  itself  in  my  soul."  (1)  From  Naples  in  the 
following  Spring  (May  1787)  to  the  same  friend  he  wrote 
these  words  which  indicate  clearly  that  he  realized  the 
full  import  of  the  principle  which  was  gradually 
clarifying  itself  in  his  mind,  "It  will  be  found  that  the 
same  law  can  be  applied  to  every  form  of  life." 

To  go  into  details  regarding  the  long  years  of  work 
which  preceded  this  momentous  discovery  would  take  too 
much  space,  and  is  a  ta.sk  befitting  the  qualifications  of 
(l)  Bielschowsky,  op.  cit.,  p.  91. 
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the  "biographer .  The  foregoing  short  sketch  may  serve 
to  suggest  that  Goethe,  his  marvelous  intuitive  genius 
notwithstanding,  travelled  towards  understanding  by  the 
long  road  of  induction,  just  as  truly  asjany  man  with  an 
undeniable  claim  to  the  title  of  scientist. 

It  is  perhaps  the  very  greatness  of  his  gifts,  the 
amazing  versatility  of  his  talent  which  makes  it  still 
necessary,  even  now,  to  remind  us  that  "Hicht  also  durch 
eine  ausserordentliche  Gabe  des  Geistes,  nicht  durch  eine 
momentane  inspiration  noch  unvermutet  und  auf  einmal, 
sondern  durch  ein forger echtes  Bemuhen  bin  ich  endlich  zu 
einem  so  erfreulichen  Resultate  gelangt."  (1) 

It  does  not  lie  within  the  scope  of  this  essa,y  to 

discuss  even  briefly  the  other  numerous  activities  of 

Goethe’s  incredibly  busy  existence.  We  must  pass  over  his 

labours  in  the  fields  of  painting,  sculpture,  studies  in 

Architecture  and  the  artistic  lore  of  antiquity,  not  to 

mention  his  well-nigh  phenomenal  literary  output,  but  it 

is  a  significant  fact  that  coinciding  with  his  elucidation 

of  the  principle  of  metamorphosis,  he  may  be  said  to 

(l)  Geschichte  meiner  botanische  Studien,  Goethe,  op.cit . , 
I,  p.  272.  — . . “ 
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"attain  to  full  artistic  consciousness",  "In  the 
knowledge  of  Nature  he  had  found  a  key  to  unlock  the 
door  to  the  knowledge  of  Art,"  (1)  Here  now  than  ever 


before  he  considered  all  things  in  the  light  of 
evolutionary  development,  whether  the  living  creations 
of  Nature  or  the  creations  of  human  genius. 

In  1790  he  published  the  "Little  Botanical  Work"  (2) 
which  contained  enough  scientific  and  philosophical 
dynamite  to  blast  away  the  fog  of  superstition  and 
prejudice  of  tradition-bound  systems,  a  thought  capable 
of  revolutionizing  science,  of  rejuvenating  men’ s  minds 
with  a  new  conception  of  life,  of  creation,  of  man’s 
own  place  in  the  universe.  "In  this  ’Epic  of  the  coming 
into  being  of  higher  plants’  Goethe  reveals  to  the 
scientific  world  an  idea  of  creative  power  in  operation. 
This  is  the  grand  and  at  the  same  time  infinitely  simple 
principle  to  which  he  reduced  the  manifold  specific 
phenomena  of  the  glorious  world  garden,  of  all  the  living 
world,"  (3) 

til  Bielschovreky,  op,  c i t . ,  III,  p.  98, 

2  Versuch,  die  metamorphose  der  pflanzen  z  erklaren  1790 
(o)  Bielschowsky ,  op,  cit,,  p,  92,  "Goethe  did  not  himself 
execute  the  task  of  confirming  and  verifying  the  doctrine 
by  a  general  application  of  it  to  all  cases,  though  he 
collected  specimens  a.nd  made  some  drawings  with  this  view  - 
he  says  in  a  later  publication:  When  I  look  back  on  this— > 
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Just  as  in  the  study  of  animals  he  had  followed 
i 

individual  elements  of  the  skeleton  through  all  manners 
of transformations ,  now  prominent,  now  reduced  in  size, 
now  distinct,  now  fusing  partly  or  completely  with 
adjacent  hones  without  ever  wholly  losing  their  identity, 


even  though  their  existence  as  separate  elements  might 


individual,  so  now  in  the  study  of  plants  he  also 


proceeds  by  comparison.  But  he  goes  further  than  mere 
homologizing  of  finish  ed  organs-spine  with  leaf  of 
branch,  etc.  -  he  clearly  perceives  the  essential 
difference  between  plant  growth  and  animal  growth.  Where¬ 
as  in  animals  the  organism  goes  through  the  process  of 
tissue  differentiation  once  for  a.ll,  the  plant,  a,s  long 
as  it  grows  exists  in  a  state  of  perpetual  embryony. 

Bach  bud  which  develops  gives  rise  to  a  succession  of 
entirely  new  individuals;  each  node  with  the  associated 
leaf  and  bud  is,  potentially  at  least,  a  new  plant.  He 

undertaking,  it  is/easy  to  see  that  the  object  which  I  had 
before  my  eyes  was  for  me  in  my  position,  with  my  habits 
and  mode  of  thinking  unattainable.  Bor  it  was  no  less  than 
this:  that  I  was  to  take  that  which  1  had  stated  and 
presented  to  the  conception,  to  the  mental  intuition,  in 
words:  and  that  I  should,  in  a  particularly  visible, 
orderly,  and  gradual  manner,  present  it  to  the  eye;  so  as 
to  show  to  the  outward  sense  that  out  ox  the  geim  oi  i-his 
idea  might  grow  a  tree  of  physiology  fit  to  overshadow  the 
world".  (Whewell,  op.  cit.,  vol,  II,  p.  473.) 
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found  proof  of  this  in  the  formation  of  adventitious 
roots  on  the  stems  of  various  plants,  e.g,  at  the  lower 
nodes  of  maize,  and  in  the  restoration  of  the  root 
system  which  talces  place  in  plants  grown  from  slips, 
cuttings,  etc.,  vegetative  buds  which  on  becoming  detached 
from  the  plant  proceed  to  put  forth  roots,  and  other  forms 
of  vegetative  reproduction.  He  was  much  impressed  with  the 
peculiar  ways  of  Bryophyllum,  in  which  a  leaf  falling  off 
the  plant  will,  if  left  in  contact  with  the  moist  soil, 
give  rise  to  a  young  plant  from  every  notch  in  the 
periphery  of  the  leaf.  Long  since  had  he  been  familiar 
with  the  variations  in  form  of  the  green  leaf  (leaf  organ) 
cotyledons  into  first  leaf,  then  into  typical  foliage 

j 

leaf,  bud  scales,  stipules,  bracts,  sepals,  and  he 

considered  these  successive  changes  as  closely  associated  , 

. 

with  function,  consequently  of  the  nature  of  adaptation 
to  the  needs  of  the  plant.  He  constructed  a  chart  for 
the  comparison  of  these  first  appendages,  cotyledons  and 
first  leaver  based  chiefly  on  plants  of  the  Legume  fanuly, 
observing  among  other  things  that  where  the  cotyledons 
are  revised  above  the  soil,  turn  green  and  function  for  a 
time  as  photosynthetic  organs,  the  first  leaves  were  less 
differentiated  from  the  typical  foliage  leaves.  Countless 
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observations  were  thusjr epeat ed  in  the  greenhouse  or 
garden  with  large  numbers  of  different  species.  Seeds, 
roots  and  cuttings  were  sent  to  him  by  friends  from  all 
parts  of  the  country,  and  he  was  often  the  butt  of  his 
companions'  raillery  when  travelling,  because  he  was  ever 
picking  up  stones  with  which  he  filled  his  pockets, 
and  every  ’weed*  along  the  way  claimed  his  attention.  But 
all  the  while  his  eyes  are  focussed  on  pla.nt  forms  in  the 
process  of  growth,  his  mind  probed  under  the  surf e.ce,  for 
the  essential  principles  of  life,  and  the  truth  rises  to 
meet  him  at  last,  stripped  of  all  the  complexities  of 
mechanism, 

Bow  the  gr®,  t  universal  law  of  life  is  that  the 
activities  of  the  organism  will  tend  1  -  to  individuation ; 

2  -  to  reproduction,  that  is,  to  the  continuation  of  the 
species.  The  grov/th  process,  up  to  a  certain  point 
follows  the  first  tendency,  but  in  annual  plants  which  grow 
in  temperate  or  cold  climates  (it  is  la.rgely  with  such 
that  Goethe’s  experiments  deal)  ordinary  proliferation  of 
leaf  and  shoot  is  not  adequate  to  carrying  the  plant  through 
the  cold  season;  and  so  a  method  must  be  found  to  protect 
some  of  the  young  individuals  until  the  return  of 
favorable  conditions.  Considered  in  this  manner  an  embryo 
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is  merely  a  special  protected  kind  of  shoot,  (1)  hence 

growth»r eproduct ion,  and  reproduction  by  seeds-,  growth 

with  a  difference.  "The  vital  forces  of  the  plant",  he  says 

"manifest  themselves  in  two  ways:  on  the  one  hand 

vegeta.tion  issuing  in  the  stem  and  leaves;  on  the  other 

reproduction,  issuing  in  flowers  and  fruits.  If  we 

examine  vegetation  closely,  we  shall  see  that  the  plant 

continuing  itself  from  articulation  to  articulation,  from 

leaf  to  leaf,  a.nd  putting  forth  buds,  accomplishes  a 

reproduction  which  differs  from  that  ordinarily  so  named 

in  being  successive  -  it  man  ifests  itself  in  a  series  of 

isolated  developments  instead  of  manif esting  itself 

simultaneously.  That  force  which  produces  buds  has  the 

greatest  analogy  with  that  which  determines  simultaneously 

the  higher  act  of  propagation. ..... In  defining  budding  as 

’successive1  propagation,  and  flowering  ard  fructification 

as  ’simultaneous’  propagation, designate  the  mode  in 

which  each  manifests  itself.  Thus,  then,  whether  the  plant 

buds,  flowers  or  fructifies,  it  isjalways  by  means  of  the 

(1)  It  is  interesting  to  note  in  this  connection  that 
there  are  several  coses  known  of  plants  which  regularly 
produce  seed  without  fertilisation.  The  ovum  develops  into 
an  embryo  in  no  way  dist inguishabls  from  those  produced 
in  the  normal  fashion.  This  iscalled  by  ootanists  a  "brood 
body"  and  is/thought  of  as  a  kind  of  offshoot,  analogous 
to  the  vegetative  buds  which  are  a  common  occurrence  in 
many  species.  However,  unlike  buds  the  brood  bodies  are 
provided,  like  a  normal  embryo,  with  root,  stem  and  leaves, 
true  exampl e s  of  what  Goethe  calls  ’simultaneous 
propagation’ . 
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same  organs,  the  form  and  destination  of  which  are 
changed.  The  same  organ  which  expands  into  a  leaf  upon 
the  stem  and  presents  such  varied  forms,  contracts  to 
make  the  calyx,  expands  again  to  make  the  petal,  to  contact 
once  more  into  the  sexual  organs,  and  expand  for  the  last 
time  into  fruit.”  (1)  To  him,  the  real  nature  of  flower 
structures  presented  after  all  no  great  mystery.  They 
were  merely  the  primordial  photosynthet ic  organ  of  the 
plant,  subjected  to  even  more  stringent  modifications 
thaii  elsewhere  in  order  to  make  possible  the  continuation 
of  life. 

Throughout  his  investigations  he  often  found  enlight¬ 
ening  side  lights  in  the  study  of  formations  deviating  from 
the  norm,  e.g.  double  flowers  where  stamens  develop  as 
petals,  and  the  transformation  may  occasionally  be 
arrested,  resulting  in  structures  half  petal,  half  filament 
or  anther,  (2).  Such  facts  seemed  to  support  his  theory 
regarding  the  true  relationship  of  these  organs, 
revealing  as  they  did  a  similar  origin  by  this  predisposi¬ 
tion  to  assume  the  same  form,  phenomena  of  this  sort  had 
been  noted  before,  but  botanists  classed  them  as  freaks, 
fl)  Lewed,  op.  cit.,  p.  355. 

(2)  I  have  several  times  noted  this  phenomenon  in  garden 
roses  and  found  spruce  cones  in  which  half  the  ovuliferous 
scales  had  developed  as  perfect  green  needles. 
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aberrations  of  Nature.  Goethe  contended  that  the  abnormal 
as  well  as  the  normal  are  produced  by  the  operation  of  the 
same  laws,  and  unusual  forms  of  development  give  the 
observer  revealing  glimpses  into  the  secrets  of  normal 
processes , 

Such  was  the  train  of  thought  which  led  to  his 
famous  pronouncement  --"Alles  1st  Blatt”.  Perhs.ps  we  muH3-t 
not  feel  surprised  if  hisfriends  as  well  as  the  scientific 
world  heard  it  in  puzzled  silence.  There  was  not  even  a 
proper  word  for  this  idea,  as  there  was  none  for  his 
conception  of  evolution.  ’Blatt1  or  ’Leaf1,  is  not  exact 

of  course.  Modern  Botany  has  substituted  for  it  ’ leaf  organ* 

q) ■'  phifllome ' 

zj  as  a  designation  for  a  primordial  lateral  appendage.  It 
seems  simple  enough  now,  just  as  all  great  discoveries 
seem  self-evident  once  they  have  been  promulgated.  Botanists 
might  have  exclaimed  as  did  Huxley  when  Darwin  published 
his  Origin  of  Species:  “How  is  it  that  we  have  not 
thought  of  it  before?”  But  no  one  understood  Goethe  well 
enough  even  to  contradict  him,  let  alone  aplaud. 

Actually  no  one  believed  in  the  theory,  not  even  nis 
best  friends.  Many  years  were  to  pass  before  it  became 
generally  accepted.  And  then  only  because  great  botanists 
had  made  it  acceptable.  It  was  not  only  the  fact  of  the 
theory  being  announced  by  a  great  poet,  the  author  of 
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*\Yerther ?  which  retarded  its  acceptance;  but  the  fact  also 
that  the  theory  was  leagues  in  advance  of  the  state  of 
science.  And  it  must  here  be  admitted  that  in  great 
discoveries  there  is  in  a  sense  an  element  of  chance* 

Other  botanists  there  were  who  possessed  more  extensive 
knowledge  of  the  science,  though  Goethe,  as  a  result  of 
long  self -training  in  the  practical  field,  was  no  mean 
authority  on  the  subject.  As  he  s.rrived  at  the  truth 
so  might  for  instance  Linnaeus,  had  he  but  chosen  the 
same  starting  point.  Goethe  was  charmed  by  outer  form, 
he  was  extremely  sensitive  to  sensuous  phenomena; 
but  there  was  ever  one  side  of  hi stature  which  sought  to 
grasp  the  underlying  essential^  Because  of  hisjdeep 
feeling  of  communion  with  nature,  because  of  his  love  ard 
respect  for  the  divine,  the  creative  --  element  in  nature, 
he  sought  not  to  wrest  her  secrets  from  her  by  force;  all 
he  wanted  was  to  be  allowed  the  priveleges  of  an 
interested  spectator.  Instead  of  trying  to  puzzle  out 
the  finished  works  of  Hature,  he  watched  her  at  work. 
Therein  lies  the  secret  of  his  insight  into  the  nature 
and  origin  of  plant  form.  He  did  not  go  beyond  the  analy¬ 
sis  of  macroscopic  structure.  That  was  a.s  far  as  conditions 
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of  investigation  permitted*  "In  order  to  trace  back 
further  the  beginning  of  plant  growth,  he  would  have  had 
to  have  a  knowledge  of  the  elementary  organism,  the  cell, 
which  was  impossible  before  the  perfection  of  the 
mieroscope , "  ( 1 ) 

The  idea  of  evolution  was^radually  taking  shape 
in  other  minds.  Saint  Hilaire,  and  even  Buff  on,  had  the 
courage  to  set  their  faces  against  the  strong  current 
of  tradition.  But  the  notion  was  by  no  means  widespread. 

"It  was  decades  before  the  concept  of  ’metamorphosis* 
was  really  adopted  by  scientists  as  a  working  principle. 
Disregard,  indifference,  rejection,  misinterpretation, 
misunderstanding  --  such  was  the  fate  which  the  *  little 
botanical  work’  experienced,  (2)  so  that  Reichenbach  was 
justified  in  saying  of  the  Poet  in  1828:  ’Back  in  his 
youth  he  discovered  the  dryad's  secret,  but  he  had  to 
become  a  greybeard  before  the  world  understood  him,’ (3) 

(1)  Bielschowsky ,  op. _ c it . ,  III,  p,  93. 

(2)  Goethe’s  standing  was  that  of  an  amateur  and  "Men  of 
Science  were  not  willing  that  a  man  of  genius  should 
speak  on  their  topics,  until  he  had  passed  College 
Examinations  and  received  his  diploma.  The  veriest 
blockhead  who  had  received  a  diploma  considered  himself 
entitled  to  sneer  at  the  poet  who  ’dabbled  in  botany  and 
Comparative  Anatomy’ .  nevertheless  that  poet  made  dis¬ 
coveries  and  enunciated  laws,  the  importance  of  which 
many  a  professional  sneerer  could  not  appreciate,  so 

far,  did  they  transcend  his  knowledge.”  (Lewes, op, cit. ,p.33$ 

(3)  Bielschowsky,  op.  cit.,  Ill,  p.  94. 
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when  Goethe  in  1831,  through  the  mediation  of  Geoffroy 
baint-nilair e  sent  the  trench  translation  of  his  1  Metamor¬ 
phose  der  Pflanzen1  to  the  Aoade'mie  Irancaise  ,  baint 
Bilaire  said  in  his  report;  "when  uoethe  came  out  with  his 
work,  in  1790,  it  was  little  noticed;  indeed,  scientists 
came  near  considering  it  as  an  aberration,  To  be  sure 
there  was  an  error  at  the  bottom  of  it,  but  such  a  one 
as  only  genius  oan  commit.  uroetheJs  only  error  consisted 
in  allowing  his  treatise  to  be  published  almost  half  a 
century  too  soon,  before  there  were  any  botanists  who 
were  able  to  study  it  and  understand  it."  (1) 

xhe  xheory  of  Plant  Metamorphosis  in  its  narrowest 
sense  i.e.  the  fundamental  identity  of  all  the  lateral 
organs  of  the  plant,  has  long  since  become  the  accepted 
view.  The  first  to  make  it  the  basis  of  plant  classification 
was  I Je  Candolle,  who  sought  to  establish  a  •‘'natural* 
system  as  opposed  to  the  ^artificial*  one  of  Linnaeus,  ne 
published  in  1813  his  xheorie  elementaire  de  la 
Botanique.  "theorie  fondee  sur  1*  unite'  de  composition 
organique  et  considerant  les  faits  de  soudure,  d'avortement 
ou  de  degenerescence  des  organes  comme  moyeng  d  expliquer 
les  aberration  qui  s 1  e'cahtaient  d  une  symetrie  normale,"($] 

(1)  Muller,  uroethes  letzte  literarishe  o-atigkeit, 
t  uielschowsKy,  op.  ait. .  Ill,  p.  95.) 

(2)  encyclopaedia  uritannica,  edition  11,  1911. 
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and  constitutes  the  back-bone,  so  to  speak,  of 
plant  morphology.  The  flowering  shoot  is  a  modified 
vegetative  shoot,  the  modified  leaves  or  flor<?.l  organs 
(sepals,  petals,  stamens,  pistils)  being  arranged  along 
the  axis  like  foliage  leaves,  but  brought  closer  togeth. r 
by  a  shortening  of  this  axis.  As  Goethe  put  it,  "A  plant 
vegetates,  sprea.ds  itself  more  or  less,  and  develops 
a  stalk  or  stem;  the  intervals  from  node  to  node  are 
generally  noticeable,...  On  the  other  ha.nd,  a  plant 
which  flowers  has  contracted  all  its  parts,....  and  all  the 
organs  are  in  a  highly  condensed  state,  and  developed  in 
close  proximity  to  one  another  .T’  (1).  Starting  from  the 
relatively  simple,  so-called  primitive  apoca-rpous 
flower,  where  all  organs  are  separate  as  in  the 
Ranunculaceae  (Rig.  12,  1  and  2)  the  various  types  of 
floral  structure  are  to  be  developed  by  a  series  of 
gradual  fusions,  of  adjacent  parts,  (probably  brought 
about  by  further  shortening  of  the  axis)  as  seen  in  the 
compound  pistil  of  the  Lily,  and  the  corolla  and 
androecium  of  the  Pa.pillionaceae  e.g.  vetch  (Lathyrus) 
(Rig.  12,  3  and  4).  Evidence  since  brought  to  light  by 
investigators  has  been  on  the  whole  of  a  corroborative 
( 1 )  Metamorphose  der  Pflanzen ,  1790,  ( tr an s .  Arb er ) . 
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THREE  TYPES  0?  RLOUER  STRUCTURES 

1  -  RANUNCULUS  -  transverse  section  of  flower,  all 

elements  are  separate. 

2  -  CALTHA  -  same  type  as  1. 

(a)  ripe  seed  pods. 

(b)  single  pod  or  carpel. 

(c)  carpel  open,  showing  midrib  of  csrpellary  leaf 
and  two  rows  of  seeds  arising  from  the  margins  of  the 
leaf  (placentae) 

5  -  LILIUM  -  transverse  section  of  flower,  all  parts  dis¬ 
tinct  except  the  three  carpels  which  are  fused. 

(b)  transverse  section  of  compound  pistil 
( syncarpous  gynaecium)  showing  three  cavities 
containing  ovules, 

4  -  LATHYRUS  -  flower  showing  fusion  of  parts. 

(a)  sepals  fused  to  form  a  sheath  at  base  of 
flower,  part  of  the  sheath  is  cut  away  to  show  base 

of .... . 

(b)  tube  formed  by  the  fused  bases  of  all  the 
stamen  filaments  but  one.  Inside  the  tube  is  the 
solitary  carpel, 

(c)  Keel  formed  by  the  fusion  of  the  two  lower 
petals,  with  one  half  removed. 

The  wing  or  lateral  petal  is  also  removed  to  show 
interior  structures. 
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nature,  and  Goethe’s  view  is  still  generally  held,  as 
can  be  shown  by  a  few  brief  exerpts  from  ’Abstracts  of 
Communications ’ ,  Fifth  International  Botanical  Congress, 
Cambridge,  1930® 

"The  flower  is  a  stem  with  appendages,  The  pedicel 
and  receptacle  have  typical  stem  structure,  and  the 
appendages  are  like  leaves  in  their  trace  and  gap 
structure, ... .The  external  fusion  of  organs  results  in  the 
fusion  ( phylogenetically )  of  those  vascular  tissues  of 
the  organs  concerned  which  lie  close  to  one  another, 
either  radially  or  tangentially ....  .On  a.  basis  of  this 
understanding,  the  morphology  of  many  specialized  flower 
types  can  be  interpreted.  Flowers  which  are  highly 
modified,  especially  by  reduction,  often  give  proof  of 
the  changes  ?/hich  have  taken  place,  by  retention  of 
evidence  in  their  skeletal  tissues  of  earlier  structural 
conditions,  a.lthough  external  evidence  has  disappeared.”  fl) 
"Shortening  of  the  floral  axis,  involving  sup¬ 
pression  of  the  end  terms  in  the  foliar  series  and  condensa 
tion  of  the  spiral  into  whorls,  possibly  brought  about 
syncarpy  as  a  solution  of  the  new  space  problem. ..  .iVhen 

(1)  Prof.  A.  J.  Eames  (Ithaca):  The  general  Anatomy  of  the 
Flower  with  special  reference _ to  the  Gynaec  iunij"  p.  ~  IS3 . 
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reduction  from  a  polymerous  condition  has  reached  the 
limit  compatible  with  the  capacity  to  function, 
development  may  assume  the  character  of  a  synthetic 
process,  persisting  tissue  elements,  originally  serving 
members  now  vanished,  becoming  incorporated  in  the  course 
of  differentiation  with  those  proper  to  the  surviving 
memb ers,"  ( 1 ) 

"Das  Gynaeceum  der  Angiospermen  tritt  uns  in  zwei 
Formen  entgegen,  die  of f ensichtlich  mit  deni  Gesamtbau  der 
Blute  in  enger  Bezieh.ung  stehen.  Das  apokarpe  Gynaeceum 
gehort  gew'ohriflich  Bluten  an;  deren  Achse  stark  entwickelt 
ist,  wahrend  das  coenokarpe  Gynaeceum  nur  moglichist  in 
Bluten  mit  gehemmter  Achsenbildung*  Man  kann  das  apokarpe 

/»  .  ,  ii« 

Gynaeceum  als  die  ursprunglichere  Form  ansehen,  von  der 
sich  die  andere  ableitet . Beim  coenokarpen 

M 


Gynaeceum  bilden  die  Karpelle  ein  geschlossenes  Gehause, 

a 

das  entweder  ein  -  oder  mehrf acherig  ist,  wobei  im 
allgemeinen  die  Zahl  der  Facher  der  Zahl  der  Fruchtblatter 
entspricht*"  (2) 

Perhaps  the  first  to  seriously  challenge  the 

theory  was  Gr ego  ire,  whose  considerable  work  (3)  has, 

(1)  Miss  E.  R*  Saunders  (Cambridge) ,  The  Evolution  of 
the  syncarpous  Gynaecium,  p.  185* 

r%TDFTC~0 1 1  (Munich)  Vergleichende  Morphologie  des 
Gynaeceums,  p.  184* 

La  valeur  morphologique  des  Carpelles  dans  les 

Angiospermes ,  I§31.  ...  , 

Le^~a n o mail e s  floral es  des  Primula  et  la  valeur  du  Placenta 

cerr^raT,  T513E*  .  , 

SnoropKvlles  et  Qrganes  floraux, _ t  lge  et._axe_flp.ral ,  1 9 o o . 
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if  not  produced  conclusive  results,  (  his  views  have  not 
met  with  wide  acceptance)  at  least  added  a  salutary 


thorough  study  of  cellular  tissues  of  the  growing  point 
in  both  green  shoot  and  floral  axis,  and  he  insists  that 
the  differ era  es  are  sufficiently  great  to  warrant  the 
contention  that  the  two  are  fundamentally  distinct 
structures,  Gregoire’s  chief  postulate  was  that  whereas 
in  the  green  shoot  the  growing  point  is  never  entirely 
absorbed  in  the  production  of  lateral  appendages  (leaves), 
in  the  floral  shoot  the  s.pex  is  wholly  used  up  in  the 
production  of  carpels.  He  says,  in  reference  to  the 
Pr  imulaceae :  "Le  fait  que  des  ovules  se  foment  sur  le 


soimnet  de  la  colonne  centrale  suffit  a  montrer  que  celle-ci 
ne  represente  pas  un  cons  v eg eta t if  persistent 11 ,  (gfc)  Thus 


he  asserts  not  only  that  carpels  may  arise  from  the 
apical  tissues  of  the  axis,  but  by  implication,  that 


appendages  never  do  so  ii^a  vegetative  shoot,  Mrs,  A,  Arber 


in  her  excellent  paper  on  the  T Interpretation  of  the  flower* 


above  that  first  of  all,  although  "It  is  admittedly  a 


(1)  Arber,  A.,  Interpretation  of  the  flower,  p.  3 
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truism  that  in  vegetative  shoots  of  unlimited  growth, 
the  apex  of  the  axis  must  have  its  existence  continued 
indefinitely, ....... .the  growing  point  of  c  green  shoot 

does,  not  necessarily  always  persist  as  such."  In 
certain  species  of  Asparagus,  for  insta.nce,  (Asp, 
sprengeri,  the  common  asparagus  fern)  leaf  and  branch 
formation  use  up  the  growing  point.  Again,  "the  whole 
aPex  01  "^ie  spikelet  (partial  inf lorescence )  in  certain 
Bamboos  (Arber, 1928)  and  also  the  apex  of  the  raceme  in 
the  Bumariaciae  may  be  transformed  into  a  bract"  (Arber, 
1928  and  1930),  She  concludes  that  "as  soon  as 
limitation  of  growth  becomes  a  factor,  there  is  nothing 
to  prevent  a  leaf  or  leaves  terminating  a  shoot,  and 
that  though  this  happens  most  frequently  in  floral  shoots 
(flowers),  it  is  not  confined  to  them."  (l)  As  for  the 
condition  in  floral  axes,  the  real  facts  are  to  be  sought 
in  the  earliest  stages  of  development,  and  thanks  to 
the  perfection  of  modern  technique,  few  are  the 
morphological  secrets  which  can  for  long  elude  the 
scientists  eye,  a,ded  by  powerful  microscopes.  As  long 
ago  as  1871,  "van  Tieghem  had  figured  a  radial  section  of 
(l)  Arber,  A.,  Interpretation  of  the  flow  r,  p.  4. 


-117- 


a  G^ynaec  ium  of  Primula  sinensis  in  which  he  showed  the 
naked  axis  of  the  column  extending  above  the  ovules,  and 
he  described  that  column  as  having  a  conical  termination 
"dont  la  pointe  s’enfonce  dans  la  base  du  style  sans 
jamais  y  adherer.'1  (l)  Vidal,  1900,  commented  on  "la 
longueur  ver itablement  extraordinaire  qu’a  l’axe  floral 
au  dessus  de  la  region  ovulifere  chez  les  Primulacees"  (2) 
However,  Gregoire’s  uncompromising  attitude 
prompted  some  botanists  to  reopen  the  question  and  submit 
the  material  to  examination  by  me ans  of  the  latest 
technical  facilities,  Mrs,  A,  Arber  cut  microtome 
series  through  the  flowers  of  several  species  of  the  group 
(primula  vulgaris,  P,  farinosa,  and  Anagallis  arvensis) 
and  found  that  these  "completely  confirmed  the 
descriptions  of  Van  Tieghem  and  Vidal,  for  in  3,11  three 
species  the  column,  on  which  the  ov  les  are  borne,  is  seen 
to  be  prolonged  centrally  above  them  as  a  minute  naked 
tip"  (3)  Several  other  investigations  have  yielded  similar 
results.  This  alone  is  not  perhaps  definite  refutation 
of  Gregoire’s  argument,  for  though  he  "is  willing  in 
some  cases  to  admit  the  existence  of  an  ’apparent1  apex 

flj  Arber,  op,  cit. ,  p.  3, 

(2)  ibid. ,  p,  3 

(3)  ibid. ,  p.  3, 
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above  the  carpels,  he  considers  that  this  is  never 
genuinely  axial.... but  in  reality  tissue  which  would  have 
formed  another  carpel  if  it  had  not  been  inadequate  in 
amount  for  this  purpose",  (l) 

In  a  bud  of  Ranunculus  acris  (meadow  buttercup), 

Mrs.  Arber  found  that  the  tissues  of  the  residual  axis 
and  those  of  the  surrounding  carpels  were  so  strikingly 
different  in  the  size  of  cells  and  in  the  staining 
capacity  of  their  waL  Is  as  to  leave  no  doubt  that  the 
apical  tissue  "is  in  reality  what  it  is  in  external 
appearance".  (2)  Her  diagram  is  reproduced  on  page  119 
of  this/paper. 

This  seems  to  be  the  only  point  which  has  direct 
bearing  on  Goethe’s  theory,  namely,  that  all  the  lateral 
appendages  stand  in  the  same  relation  to  the  axis.  We  may 
resume  in  a  few  words  the  comparison  between  green  shoot 
and  floral  shoot: 

(a)  Each  arises  in  the  axil  of  a  leaf  (or  bract). 

(b)  Axes  are  similar  in  structure  1  -  exteriorly,  bearing 
first  leaves,  (prophylls  and  bracteoles  respectively) 
similarly  disposed;  2  -  interiorly,  as  shown  by  their 
vascular  systems;  and  the  vascular  relations  of  lateral 

(1)  Arber,  or,  cit . ,  p.  4. 

(2)  ibid. ,  p.~T, 
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"RANUNCULUS  ACRIS  L. 


RANUNCULUS  AGR'IS  _ 

(1 ) Transverse  section  of  the  Gynaecium  in 
an  early  stage,  showing  residual  apex  (*47) 

(2) Central  region  of  (1)  to  show  residual 
apex  and  edges  of  surrounding  carpels  on  a  larger  scale. 


GROWING  POINTS  of  vegetative  shoots, 

(l)  Growing  point  of  underground  stem  of 
Lysimachia;  (2)  Spruce  stem  in  dormant  condition. 
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parts  to  the  axis  are  the  same  in  both  cases. 

(c)  The  most  conspicuous  difference  is  caused  by  the 
shortening  of  the  axis,  which  telescopes  the  spiral 
arrangement  into  what  appears  to  be  whorls,  but  the  gap 
between  the  condition  asfound  in  the  vegetative  shoot 
and  that  in  a  single  terminal  flower  can  be  bridged  by  a 

series  of  intermediate  forms,  beginning  with  inflorescences 

\ 

of  a  loosetype  and  going  through  more  condensed  ones/  the 
nearest  approach  to  the  single  flower  being  the  capitulum 
of  the  Compo sitae  in  which  the  involucre  of  bracts 
strongly  suggests  a  calyx  and  the  compound  head  has 
superficially  the  appearance  of  a  single  bloom. 

The  foliar  interpretation  of  floral  parts  (bract, 
sepal,  petal,  etc.)  has  been  submitted  to  searching 
tests  and  the  concensus  of  opinion  is  confirmative. 

Among  comments  on  Goethe’s  working  out  of  his  theory, 
comes  to  mind  this/of  Mr.  D.  C.  Peattle,  writer  of  charming 
popular  books  on  botanical  topics:  He  says  in  "Green 
Laurels"  that  when  Goethe  made  his  statement  "Alles  ist 
Bls.tt",  he  completely  overlooked  the  stem  of  the  plaint; 
and  I  can  not  resist  quoting  from  Prof.  G.  P*  Majumdar  of 
Calcutta|^"By  a  careful  study  of  the  development  of  the 
embryo,  and  of  the  morphology  and  anatomy  of  the  grov/ing 

( i )  » Origin  and  nature  of  the  Shoot-Axis  and  the  Primary 

Hoot,  p,  170, 
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points  and  other  structures  of  the  Algae,  the  Hepatic s 
the  Fosses,  the  Pteridophyt.es  and  the  Phanerogams,  ah 
attempt  has  been  made  to  show  that  the  shoot-axis  has 
been  gradually  evolved  out  of  the  union  of  the  bases 
of  the  chlor ophyllous  assimilating  foliage  leaves,  and 

that . ..the  radicle  is  produced  in  the  embryo  by  the 

downward  prolongation  of  the  united  bases  of  the  first 
pair  of  leaves  or  of  the  base  of  a  single  leaf,  as  the 
case  may  be.”  If  then,  the  Professor’s  opinion  is  well 
founded,  it  may  be  literally  true  that  "Alias  1st  Blatt 


- 
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SPi:  -ALTEHDE^Z 


Our  Scientist-Poet,  proceeding  so  carefully  and 
so  surely  with,  phenomena  which  are  wi  hin  the  reach  of 
the  senses,  waxes  somewha  mystical  in  this  attempt  to 
interpret  the  meaning  and  function  of  structures  which  he 
could  see  but  very  imperfectly.  Woody  elements  are  relativ¬ 
ely  conspicuous  structures  and  it  does  not  take  a  very  I 

i 

powerful  microscope  to  show  the  vessels  and  fibrous 
strands.  ,  , 

Ibr  Malls  of  M00-O  M*ses 

The  cur iousjspiral  thickenings 'nseem  to  have  attracted 

Cu  * 

quite  early  the  attention  of  botanically -minded  students, 
and  the  analogy  between  thise  and  the  spiral  formed  by 


climbing  plants  was  remarked  upon  by  Goethe  himself.  He 

/ 

was  at  this  time,  as  evidenced  in  histrea tment  of  this 
problem,  more  or  less  under  the  spell  of  Schelling’s 
Ilaturphilosophie .  He  had  become  acquainted  with  the  works 
of  Schelling  in  1798  said  was  delighted  with  the  poetic 
quality  of  this  thinker’s  conception  of  the  world  of 
Hature; 


It  was  Goethe’s  opinion  that  "There  is  always  some 
truth  in  ideas  which  have  been  entertained  by  great  men" 
a  very  just  remark,  wherein  lies  the  best  justification  for 
the  study  of  human  past  intellectual  development.  That  is 
why  he  says  more  than  once  that  "the  history  of  a  science 
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is  that  science"  and  he  traces  the  germ  of 
Ha  t nr  oh  i I o s  o ph i e  to  Anaxagoras'  ’  Homoiomeres 11  :  Both 
prove  his  point  rather  surprisingly  well  since 
Anaxogoras’  ultimate,  indivisible  elements  certainly 
anticipate  the  Atomic  theory*  And  it  may  be  .said  that 
the  principle  of  Shelling’s  system  anticipates  the  modern 
theory  of  Emergent  Evolution  in  that  both  physical 
and  psychical  principles  are  inseparably  bound,  and 
therefore  both  present  in  Creation  from  the  inorganic 
level,  both  going  through  a  long  evolutionary  process 
wherein  organisation  is  gradually  perfected  until 
spirit,  the  psychical  principle,  attains  its  fullest 
development  in  the  human  mind  at  the  level  of  self 
consciousness.  Hafure,  having  reality  for  itself,  forms 
one  completed  whole.  Spirit  and  matter  are  one  and 
inseparable,  Mature  forms  itself  and  the  manifold  modes 
it  assumes  are  the  outcome  of  the  same  formative  energy 


of  complex  of  forces  which  is  the  inner  aspect,  the  soul 
of  Mature,  The  incessant  change  which  is  observable  in 
Mature,  taken  in  conjunction  with  the  thought  of  the  unity 
of  the  developmental  force  in  Mature  leads  to  the 
conception  of  polarity,,  duality,  action  and  reaction  of 
opposed  principles  through  which  Mature  expresses  itself 
in  an  endless  variety  of  forms, (/J 


(l)l rom  outline.  of  Seh2.H1  no  s  vhi'loso/zhu,  Snc^dopcLecJtL 

1  CJrhon  //  /f/A 
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It  is  certain  that  Goethe  found,  in  Schelling  much 

that  was  congenial  to  his  thought.  The  indissoluble 

union  of  matter  and  spirit,  making  the  Creative  power 

inherent  in  nature  itself,  this  was  the  essence  of 

Spinoza’s  philosophy  by  which  Goethe  had'v7deeply 

impressed  early  in  his  youth.  The  action  and  reaction  of 

opposing  principles  was  a  Jong  familiar  notion.  He  had 

struggled  all  his  life  to  harmonize  conflicting  tendencies 

of  his  own  inner  nature,  and  he  gives  expression  to  this 

thought  repeatedly  in  his  writings  in  what  he  calls  the 

daemonic.  This  he  conceives  as  an  irrational  element 

or  spirit  of  contradict io n,  of  negation,  ever  at  war  with 

genius,  the  striving^ constructive  tendency.  In  the 

r econciliat ion  of  the  two  lies  perfection,  but  at  the 

same  time  this  striving  is  the  necessary  condition  of 

progress,  (l)  It  seemed  necessary  to  make  a  passing 

reference  to  Ha tur philo sophie  in  this  connection  because 

it  would  otherwise  be  difficult  to  reconcile  the 

following  explanation  of  what  he  calls  the  ’ Spiral tendenz* 

in  vegetation  with  Goethe’s  genera,!  viev/s  on  Hature,  in 

(1)  Hence  the  daemonic  is  not  ’evil’  in  the  Christian 
sense  of  the  word,  or  destructive,  rather  say 
obstructive  in  its  action. 
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which  almys  such  stress  wr. s  la, id  on  the  influence  of 
environment  and  physical  or  mechanical  factors  on  the 
development  of  form. 

The  suggestion  which  first  turned  the  minds  of 

hotanists  to  the  problem  of  leaf  arrangement  is  found  in 

an  Essay  of  Alex.  Braun’s,  entitled  Vergle tchende 

Untersuchung  uber  die  Qrdnung  der  Schuppen  an  den 

Tamienzapf en,  als  Einleitung  zur  Untersuchung  der 

Blattstellung  uberhaupt .  (l)  This  led  to  the  science  of 

Phyllptaxy .  in  the  first  of  two  papers  on  the  subject 

(1831)  Goethe  speaks  of  meeting  in  Munich  and  Berlin  a 

certain  von  Martius  with  whom  he  discussed  the  question, 

and  who  defined  the  Spiraltendenz  as  “the  expression  of 

forces  by  whose  operation  the  plant  grows  and  fructifies11^ 

From  here  Goethe  goes  on  to  amplify  the  idea  and 

completes  his  exposition  in  1832,  in  the  aphoristic  form 

which  so  well  suits  his  mode  of  thought.  (3)  Briefly, 

this  is  Goethe’s  interpretation:  There  are  two  vital 

forces  through  whose  interaction  the  plant  grows,  takes 

on  definite  form  and  reproduces  itself.  These  forces  are 

(1)  "A  comparative  survey  of  the  arrangement  of  the 
Scales  in  fir  cones  as  an  introduction  to  an  inquiry  into 
leaf  position  in  general".  The  Essay  is  mentioned  by 
Goethe,  op.  c  i  t . ,  I,  P.  360 0  ^ 

(  2 )  Uber  di e  Spiraltendenz ,  Goethe,  op.  cu., . , 

(3;  Goethe,  op.  cit. ,  pp,  357  ff.?  561  ff. 


p.  357 
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tlie  male,  supporting  principle,  expressed  in  the 
veitical  system,  and  the  female  or  fertile  principle, 
expressed  in  the  spiral  system.  These  systems  or  tendencies 
are  inseparable  for  they  vivify  one  another,  each  in 
turn  gaining  ascendency  over  the  other  one.  The  vertical 
principle,  for  instance,  asserts  itself  at  the  outset, 

i 

causing  the  axis  to  extend  downwards  into  a  root  system,  1 
and  upward  to  form  an  aerial  shoot.  It  persists  throughout 
and  manifests  itself  in  str engthening  elements  (fibrous 
lignified  tissue  and  large  woody  vessels?).  Along  with  it, 
or  rather  preceding  it,  extend  from  node  to  node  the  spiral 
vessels,  and  as  a  succession  of  new  individuals  are 
brought  into  being,  the  spiral  tendency  expresses  itself 
in  the  whole,  externally  in  the  spiral  arrangement  of 
leaves  and  buds  along  the  stem^lfifriere  a  leaf  and  shoot 
are  produced,  the  female  principle  triumphs  over  the 
vertical  or  male  principle.  This  is  also  the  case  in  the 
twining  axes  of  climbing  plants,  in  tendrils,  etc.  On  the 
other  hand,  the  other  prevails  in  many  monocotyledons 
where  little  or  no  lateral  branching  occurs.  Goethe  notes 
the  general  absence  of  tendrils  in  these  plants.  The  focal 

point  of  the  female  principle  is  flower  and  fruit 
.  (1)  See  page  128,  fig.  15,  and  127  footnote. 
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SOME  SPIRALS 

1.  Branch  of  common  white  poplar,  (Populus  treinuloid.es) 
showing  the  spiral  arrangement  of  branches  which  have 
developed  in  the  axil  of  leaves,  and  of  buds  on  one 
branch,  (l) 

2.  Same  arrangement  in  diagrammatical  form. 

3.  A  branch  tendril  (Lathyrus  Aphaca). 

4.  A  leaf  tendril  (Pisum  sativum), 

5.  Wood  elements,  left  to  right:  spiral  vess&ls,  fibres 
and  pitted  vessel. 


(l)  Phyllotaxy- -Arrangement  of  leaves  may  be:  (a)  verticil 
lane,  2  or  more  leaves  at  the  same  node,  or 

0>)  spiral 

or  scattered  arrangement  with  only  one  leaf  at  each  node. 
In  this  case  the  lateral  intervals  or  divergences  of  two 
leaves  following  one  another  are  commonly  equal  and 
expressed  in  fua  ctions  of  the  stem  periphery.  Vertical 
lines  may  be  drawn  which  run  through  the  point  of 
attachment  of  the  leaves  (or  buds).  There  may  be  two, 
three,  or  more  of  these  vertical  lines.  The  divergence  in 
the  ce.se  of  the  white  poplar  is  2/5,  The  numerator  2 
indicates  the  number  of  turns  of  the  spiral  for  every  5 
leaves.  The  denominator  5  shows  the  number  of  internodes 
between  2  successive  leaves  that  are  on  the  same  vertical 
line  and.  the  number  of  rows  in  which  the  leaves  are 
arranged. 

So  one  may  think  of  successive  leaves  as  connected 
with  each  other  with  a  screw  line  traced  around  the  stem 
(diagram)  -  the  fundamental  spiral  (grundspiral , ) . 
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production  whereby  it  brings  about  the  wonderful 
phenomenon  of  the  creation  of  countless  new  individuals 
by  a  single  organism.  The  vertical  tendency  is  here 
completely  overcome,  and  the  floral  parts,  (especially 
petals  and  stamens)  deprived  of  itsjsupport,  live  but  a 
short  time  a.nd  succntmb  to  decay. 

The  rest  of  the  essays  consists  largely  of  practical 
observations  which  are  more  in  his  own  peculiar  manner. 

On  the  ground  of  the  above  alone,  one  might  excuse  indeed 
the  opinion  so  often  advanced,  that  he  looks  at  nature 
through  the  eyes  of  a  poet.  Though  the  words  may  be  lit¬ 
erally  true,  the  implied  reproach  is  one  he  has  seldom 
deserved.  One  must  not,  of  course,  attempt  to  read  back 
into  the  words  of  thinkers  of  past  centuries  a  meaning 
which  could  not  possibly  have  been  present  in  their  mind. 
But  yet,  in  this  rather  fantastic  conception  of  plant 

growth,  there  is  surely  a  germ  of  truth.  Both  male  and 

s  ev%r 

female  principles  are  in  the  somatic  body  of 

the  organism.  Hot  only  that,  but  it  is  not  unthinkable 
that  all  the  various  capacities  for  differentiation  which 
normally  find  expression  locally  in  specialized  tissues 
or  organs  are,  potentially  at  least,  present  in  all  the 
cells.  Some  evidence  tending  to  confirm  this  view  has 
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been  brought  to  light  in  the  study  of  certain  gall 
formations,  e.g.  Oak  Apples, 

Alex  Braun  who  with  It.  Schimper  founded  the  doctrine 
of  Leaf  Arrangement,  is  a  true  » Naturphiloso pher . »  He 
thinks  that  "it  is  chiefly  the  power  of  rejuvenescence 
which  distinguishes  organic  life  from  inorganic.  To  this 
power  must  be  ascribed  the  gradual  progress  of  develop¬ 
ment,  the  appearances  of  leaves  at  successive  nodes 
being  the  result  of  intensified  growth,  the  arrested 
waves,  as  it  were,  of  plant  life,  which  alternately  rising 
and  silking,  gathering  and  spreading  flows  toward  his  goal'*. 
(1) 

Such  theories  were  very  pretty,  but  did  not  do  much 
for  the  direct  advancement  of  science. 

The  spiral  theory  was  sharply  attacked  by  Hofmeister 
who  in  contra, st  to  the  general  philosophical  tendency  of 
his  predecessors  sought  for  a  purely  mechanistic 
explanation  of  leaf  position  in  the  study  of  the  leaf 
and  gr owing  point  in  the  embryological  stages,  Braun  did 
not  think  that  plant  form  could  be  resolved  in  such 
concrete  terms.  "I  am  convincedyhe  said,  that  there  is 
a  time  of  first  beginning  in  which  the  parts  are  not  yet 
visible  as  humps,  and  with  which  the  later  formation  of 
humps  does  not  always  keep  even  pace.  At  that  time  the 
(l)  von  (iflebel , Hofmeister ,  p.  80, 
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state  of  the  organs  is  invisible  so  fe,r  as  the  reputed 
developmental  history  is  concerned.  In  this  state  they  m  y 
remain  stationery ,  but  do  not  therefore  cease  to  be,  and 
may  not  be  disaffirmed."  (1)  Thus  he  refused  to  admit  for 
instance  that  the  bracts  of  the  upper  flowers  in  the 
inflorescence  of  the  Cruc if erae  were  absent,  for  if  they 
belong  to  the  type  they  must present  even  though  invisible 
and  influence  the  position  of  other  leaves. 

Developmental  history  was  derisively  termed  by  another 
botanist  "hump  gazing".  Hofmeister  energetically  laboured 
to  put  morphology  on  a  sound  scientific  basis.  In  his 
Allgemeine  Morphologie  der  Gewachse,  form  relations  are 
presented  as  conditioned  by  growth.  (2)  (The  idea  is  clearly 
inherent  in  Goethe’s  conception  of  ’ Ges taltung ’  as  pointed 
out,  page  53)*  On  the  other  hand,  Hofmeister,  ignores  the 
factor* of  self , determination  in  the  living  organism*  Mendel 
had  not  yet  given  this  a  physical  basis  and  anything 
redolent  of  a  vague  spirit  or  nisus-fo rma t i vu s  was 
repellent  to  him,  but  though  his  approach  to  the  study  of 
form  was  thus  one  sided,  the  emphasis  he  placed  on  the 
mechanical  aspect  of  growth  led  to  the  recognition  of  what 
is  now  termed  m  zoology  ’developmental  mechanics’  .  .Without 

(1)  (letter  to  Thilo  Irmisch)  von  Goebel,  op.  cit.,  p.  _92. 

(2)  Account  of  Hofmeister’ s  work  from  v.  Goebel,  op.  cit., 
pp.  88  ff. 
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going  in  o  the  wholesale  criticism  to  which  he  submits 

Braun’s  spiral  theory  we  may  review  his  own  account  of 

the  Causation  of  leaf  arrangement.  He  thought  at  first,  in 

accordance  with  Hageli's  teaching  that  there  was  at  the 

growing  point  of  all  plants  an  apical  cell,  representing 

the  really  embryonic  portion  of  the  aocis,  and  which 

constantly  adds  by  divisions  to  the  tissues  already  formed. 

So  the  form  of  the  Apical  cell  was  brought  into  relation 

with  the  position  of  leaves,  ( Studies  in  Cryptogams ,  see 

fig.  16).  In  the  mosses  and  leafy  liverworts  there  is  at 

/  / 

the  tip  of  the  stem  as  Hag el i  indicated,  an  apical  cell 
of  three-sided  pyramidal  shape.  The  apical  cell  forms 
3  rows  of  tabular  daughter  cells  or  "segments".  After  each 
division,  the  apical  cell  regenerates  itself  to  its 
former  size  and  shape.  Prom  each  segment  there  soon 
proceeds  a  leaf.  Therefore,  as  shown  in  fig.  16  A,  page 
133,  the  leaves  must  stand  in  three  straight  rows.  However, 
this  is  not  true  of  all  Mosses,  in  many  the  leaves  may 
stand  in  5,  8  or  more  longitudinal  lines.  Thus  the 
question  arises  whether  this  is  due  to  irregular  behavior 
on  the  part  of  the  apical  cell,  segments  being  cut  off 
which  do  not  stand  above  one  another  in  three  straight 
lines,  or  whether  there  occurred  subsequent  displacement  of 
three  rows  of  segments  originally  in  three  straight  lines. 
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A-  Transverse  section  through  a  hud  of  the  moss  Eontinalis 
antipyret ica.  In  the  center  is  seen  the  three-sided 
pyramidal  cell  from  which  in  three  directions  segments 
are  cut  off.  Each  of  these  divides  again  and  grows  out 
into  a  leaf.  The  leaves  form  three  almost  straight 
longitudinal  rows, (1,4, 7;  2,5,8;  3,6)  (after  Hofmeister) 

B-  Transverse  section  through  the  moss  Bryum  rostratum, 

The  leaves  stand  in  three  bbldly  twisting  lines(l,4, 
7,10;  2,5,8,11;  3, 6, 9), The  youngest  segment  (12, not 
numbered)  shows  clearly  the  asymmetrical  form, (after 

Merl ) 

C-  Transverse  section  through  a  bud  of  Chrysanthemum 
indicum.  To  the  left  &£  the  youngest  leaf  emerging 
over  the  upper  surface  of  the  growing  point;  those 
already  disengaged  are  numbered  in  their  succession, 
(after  J,  Sachs)  (l) 


(l)  von  ®o©b$l,page  92 
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Hofmeister  tho  ght  that  the  already  formed  leaves 
exercised  a  distorting  influence  on  the  plaetic  end  tissue, 
altei ing  the  position  of  the  young  leaves  as  they  were 
cut  oil.  Subsequent  research  has  shown  however  that 
asymmetry  is  already  present  in  the  apex.  (B)  The 
apical  cell  itself  is  not  symmetrically  constructed,  and 
tne  divisions  in  it  arise  by  walls  that  are  remarkably 
askew,  so  much  so  that  asymmetrical  portions,  -  segments  - 
result.  So  leaves  that  emerge  therefrom  are  then  arranged 
from  the  beginning  not  in  three  straight  lines  but  in 
three  twisted  series. 

The  inner  structure  of  the  apical  cell  then  is  respon¬ 
sible  for  the  twisting  of  the  vertical  lines. 

In  the  higher  plants  there  is  not  a  single  apical  cell 
but  a  mass  of  actively  dividing  cells  at  growing  points, 
Hofmeister  recognized  this  later,  and  thought  of  the 
mer istematic  tissue  as  a  purely  plastic  mass  passively  sub¬ 
jected  to  the  influence  of  mechanical  pressure  on  the  part 
of  older  portions  of  the  stem. 

He  established  a  rule  to  the  effect  that  "new  leaves 
(or  lateral  axes)  appear  at  those  points  in  the  meristemati 
zone  which  are  furthest  distant  (in  a  lateral  direction) 
from  the  lateral  margins  of  the  nearest  leaves  already 
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present."  (l)  He  thought  this  would  hold  in  the  majority 
of  cases,  "The  growth  in  breadth  of  these  youngest 
leaves  may  be  viewed  in  relation  to  the  increase  in 
circumference  of  the  stem  at  the  place  of  insertion  of  the 
leaf  bases .  This  relation  determines  the  point  of 
emergence  of  the  next  leaf  papilla.  If  these  relations 
remain  Constant  for  a  row  of  leaves  successively  formed, 
then  these  leaves  observe  equal  divergences  among  them¬ 
selves,  Where  those  relations  vary  the  divergences  vary 
too,"  This  view  has  long  been  favoured,  especially  for 
plants  with  leaves  placed  in  two  rows,  like  the  grasses, 
and  others.  Thus  in  Ulmus  since  the  base  of  the  young  leaf 
extends  at  least  half-way  around  the  stem  before  another 
one  appears,  this  does  so  in  the  middle  of  the  gap  between 
the  margins  of  the  preceding  leaf, 

Hofmeister’s  rule  was  not  a  solution  of  the  problem,, 
To  begin  with,  the  youngest  leaf  does  not  stand  in  the 
middle  of  the  gap  between  the  two  preceding  leaves  but  is 
nearer  to  one  than  to  the  other. 

In  fig.  C.  leaf  1  stands  closer  to  3  than  to  2,  not 
in  the  middle  between  them,  and  even  leaf  o,  not  yet 
disengaged  from  the  growing  point,  does  not  appear  in  the 
middle  of  the  gap  between  2  and  1  but  closer  to  2.  This 
(l)  Von  (j0ebel,  op,  cit,,  p,  90, 
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suggests  that,  the  position  of  loaves  is  not  decided 

merely  by  relations  of  space,  but  by  the  activity  of  the 

growing  point,  conditioned  by  its  inner  construction.  It 

would  appear  then  that  even  in  plants  where  the  leaves 

are  disposed  in  two  vertical  lines,  their  position  is 

determined  by  the  manner  in  which  the  apical  cell 

divides  (in  the  case  of  Mosses)  or  in  higher  plants,  by 

the  activity  of  the  rapidly  dividing  meristen.  The  fact 

that  leaf  bases  can  extend,  so  far  around  the  stem  would 

be  the  result,  rather  than  the  cause,  of  their  position. 

In  the  years  siic  e  Hofmeister  much  has  been  done  in 

embryological  study  of  plant  organs,  *  Hump-gazing*  is  now 

done  by  means  of  refined  technique  and  is  one  of  the 

most  important  aspects  of  biological  science.  If  ch 

attention  has  been  given  by  certain  workers  to  the 

activities  of  the  apical  meristem  in  connection  with  the 

origin  and  diff erent iation  of  leaves,  especially  in 

periclinal  chimeras  (l)  Great  variation  has  been  found 

in  the  number  of  layers  taking  part  in  the  formation  of 

the  leaves,  one  to  three  layers  being  involved,  "it  seems 

clear  that  the  mode  of  leaf  formation  is  directly  related 

to  the  architecture  of  the  growirg  point  in  each 

(l)  This  is  the  result  of  a  special  kind  of  grafting,  the 
resulting  axis  consisting  of  one  or  more  external  layers 
of  cells  derived  from  one  parent,  and  a  central  miss 
contributed  by  the  other  graft  component . 
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particular  case",  (l)  The  study  of  growing  points  in 
Gymnosperms  has  shown  that  in  some  cases  all  the  cells 
Cc  n  be  traced  to  the  divisions  of  a  single  pr  is  ilia  t  ic 
epical  cell.  In  others,  the  shoot  apex  is  crowned  by  four 
equivalent  juxtaposed  initial  or  apical  cells"  (2)  The 
single  apical  cell  being  rather  exceptional  in  this  group. 
Some  monocotyledons  show  a  striking  resemblance  to  the 
Gymnosperms  in  leaf  emergence.  There  seems  to  be  a 
gra.dation  in  complexity  from  lower  groups  to  the 
Ang 10 sperms .  "The  evolution  of  the  angiospermous  type 
of  shoot  apex  may  have  involved  an  ever  increasing 
emphasis  upon  surface  growth  throughout  the  apical  aid 
perhipheral  regions  of  the  meristem",  (3) 

There  is,  in  the  final  analysis,  very  little 
definite  information  as  to  the  causal  factors  of  leaf 
arrangement.  Goebel’s  conclusion  still  stands  that  "At 
the  present  day,  we  find  proof  that  the  relations  of 
arrangement  of  lateral  organs  in  ’ cellular *  plants  are 
founded  in  the  inner  condition  of  the  embryonic  part  of 
the  plant  body,  the  part  which  forms  the  lateral  organs  - 
let  us  say,  in  short,  in  their  relations  of  symmetry. »  (4) 

f 1 )  Poster,  ’ Leaf  differentiation  in  the  Ang io sperms ’  p . 3 5 2 . 

(2)  Poster,  ’ Problems  of  Structure,  Growth  and  Evolution " , 

( 3 )  ib  id 

(4)  von~Goebel,  op.  cit., 


p,  89 . 
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Tlie  *  Spiral  tendency’  as  expressed  in  leaf  position  is  not, 
of  course  universal.  In  some  plants  the  leaves  occur  in 
pairs  at  each  node,  being  attached  opposite  each  other 
(opposite  leaves).  On  vertical  stems  each  pair  is  borne 
a.t  right  angles  to  the  point  of  attachment  of  the  pair 
above  and  the  pair  below  so  that  the  leaves  occur  in 
4  vertical  Tranks’  (e.g.  the  Mint  family).  On  horizontal 
axes,  there  are  2  opposite  rows  or  ranks  (e.g.  the 
leaflets  in  the  rose,  etc,).  Leaves  may  be  f whorled* , that 
is, there  may  be  several  grouped  at  each  node.  In  all 
cases,  the  result  seems  to  be  a  maximum  surface  exposure 
to  air  and  light. 

Even  in  the  plants  where  the  arrangement  is  a 
spiral,  it  can  not  be  represented  as  mathematically 
exact,  I  discarded  at  least  half  a  dozen  branches  of 
poplar  before  one  was  found  which  would  fit  into  the  2/S 
scheme.  So  that  * spiraltendency*  is  a  term  far  more  in 
harmony  with  actual  facts  than  a  diagrammatical  scheme 
prescribing  allotted  space  in  exact  fractions. 

Other  naturalists  than  Goethe  have  felt  very  strongly 
against  the  extensive  use  of  mathematical  methods  in  the 
invest igation  of  organic  forms.  There  seems  to  be,  as 
Thompson  says  (1)  "a  psychological  reason  lying  in  the 
fact  that  the  student  of  living  things  is  by  nature  and 
(l)  Thompson,  Growth  and  Form,  p,  720, 
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training  an  observer  of  concrete  objects  and  phenomena, 
and  the  habit  of  mind  which  he  possesses  and  cultivates 
is  alien  to  that  of  the  theoretical  mathematician," 

Hot  only  that,  but  there  is  also  a  distrust  in  dissection 
and  analysis  born  of  the  knowledge  that  in  dealing  with 
living  things,  the  processes  which  constitute  ’life*  must 
be  ha-1  ted  before  the  orga.nism  can  be  submitted  to 
dissection  or  chemical  treatment.  Therefore  our  knowledge 
of  even  that  which  we  dissect  and  a.nalyse  is  only 
approximate;  the  vital  processes  elude  us,  and  the  whole, 
in  the  living  organism , is  definitely  something  more  than 
the  sum  of  its  parts,  Yi/hen  all  is  said  and  done,  there 
is  some  truth  in  the  contention  that  living  mature  should 
be  observed  in  action  and  that  "That  which  she  doth  not 
willingly  display  cannot  be  wrenched  from  her  with  levers, 
screws  and  hammers,"  (l)  Much  has  been  said  about  the 
tendency  of  the  poet  and  the  philosopher  to  wander  far 
from  the  concrete  into  imaginary  worlds  of  their  own,  but 
cannot  the  same  objection  be  raised  against  the 
mathematician  for  whom  "The  old  dualism  of  mind  and 

matter  . seems  likely  to  disappear .....  through 

substantial  matter  resolving  itself  into  a  creation  and 
manifestation  of  mind...."  and  "....the  universe  shows 
evidence  of  a  designing  or  controlling  power  that  has 
(1)  Goethe,  Faust. 
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something  in  common  with  our  own  individ',.1  mind..', 
not. .  . .emotion,  morality,  or  aesthetic  appreciation,  but 
the  tendency  to  think  in  the  way  which  for  want  of  a 
better  word,  we  describe  as  mathematical^.." ?(i)  ’And  again, 
from  the  same  author,  "Today  there  is  a  wide  measure  of 
agreement,  which  on  the  physical  side  of  science  appro,  di¬ 
es  almost  to  unanimity,  that  the  stream  of  knowledge  is 
heading  towards  a  non-mechanical  reality;  the  universe 
begins  to  look  more  like  a  great  thoght  than  like  a 
great  machine  (2.) 

All  of  which  would  seem  to  show  that  hs  soon  as 

we  allow  ourselves  to  become  estranged  from  sensuous 
phenomena,,  we  become  lost  in  a  forest  of  speculation  mind 
finally  bring  up  exa.ctly  where  we  started  from  with  the 
sages  of  ancient  Greece.  It  seems  to  make  little 
difference  whether  we  pursue  in  the  ascending  spirals 
of  the  vegetable  world  the  elusive  essence  of  the  ’Swige 
Weiblichkeit ’  or  almost  equally  elusive  mathematical 
fractions*  "The  fundamental  concepts  of  physical  science, 
it  is  now  understood,  are  abstractions,  framed  by  our 
minds  so  as  to  bring  order  and  simplicity  into  an 
apparent  cha.os  of  phenomena",  (3) 

(1)  Sir  James  Jeans,  The  Mysterious  Universe ,  p .  187. 

(2)  ibid. ,  p.  186. 

(3)  Dampier  Whetham,  History  of  Science,  p.  vii. 
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And  with  that  in  mind,  one  may  still  turn  with  profit 
and  pleasure  to  those  who  love  and  trust  ]\)'atu,e  eno  igh 
to  let  her  tell  her  own  story. 
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CONCLUSION 

Those  of  his  Essays  which  have  made  history  are  but 
a  small  fraction  of  Goethe’s  scientific  writings.  Perhaps 
it  is  because  few  ever  read  the  rest  of  his  works  that  his 
more  famous  discoveries  are  so  often  spoken  of  as  "sudden 
flashes  of  inspiration".  Yet  such  is  his  skill  in  the  art 
of  expressing  his  thoughts,  such  the  depth  of  his  under¬ 
standing  and  the  vitalizing  touch  of  his  genius  that 
probably  most  of  what  constitutes  a  veritable  scientific 
library  would  even  now  richly  repay  the  reader.  A  few 
short  paragraphs  may  serve  to  suggest  how  much  closer  he 
was  to  modern  thought  than  most  passing  references  to 
his  work  would  indicate.  Many  of  the  principles  which  kvs 
since  been  elaborated  by  others  were  unmistakably  recog¬ 
nized  by  him,  though  his  successors  were  to  either  test 
them  and  establish  their  validity  beyond  dispute,  or  per- 
adventure  discover  them  all  over  again. 

The  theory  now  designated  as  ’von  Baer  *  s  law’  for 
instance,  that  the  genera,!  trend  of  evolution  is  from 
simple  to  complex,  that  ’a  heterogeneous  structure 
arises  out  of  one  more  homogeneous  or  general,  and  this 
by  a  gradual  change’  forms  the  whole  background  of  Goethe* s 
observations  and  of  hisjconc  eption  of  the  history  of  life 
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on  the  globe.  That  has  already  been  sufficiently  demons¬ 
trated  in  his  own  words  not  to  need  f  rther  affirmation. 

It  is  a  point  of  common  knowledge  among  gardeners 
and  horticulturists  that  a  luxuriant  growth  of  foliage 
is  often  incompatible  with  abundant  flowering  and 
fructification  (l)^  Wolff,  as  well  as  Goethe,  associated 
the  first  with  plenty  of  nourishment  for  the  plant  and  the 
second  with  a  limitation  of  the  supply.  Thus  Wolff  inter¬ 
preted  floral  parts  as  ’imperfect’  or  starved  leaves,  and 
fructification  as  a  form  of  arrested  growth.  Goethe 
recognized  the  physiological  factor  but  regarded  the 
production  of  seed  as  a  seasonal  aspect  of  plant  growth, 
and  thus  a  perfectly  normal  activity  of  the  life-forces 
of  the  plant,  which  are  directed  now  in  one  channel- 
production  of  leaves  and  vegetative  shoots  -  now  in  another 
-  that  of  fruit  and  seed-production,  Nature’s  method  of 
preserving  the  species,  at  the  expense  of  the  individual 
if  need  b$j#  He  was  ever  unwilling  to  think  of  natural 
phenomena  as  abnormal,  believing  that  if  Nature’s  laws 
v/ere  known,  it  might  be  shown  that  everything,  even  the 
most  unusual,  takes  place  in  accordance  with  them.  (2) 

(1)  The  ’Antagonism  or  inverse  ration  between 
individuation  and  genesis’,  later  defined  and  fully 
discussed  by  H.  Spencer. 

(2)  (  "Auch  das  Unnatiirlichste  ist  Uatur”.)  Goethe, 
op.  cit.,  I,  p.  10. 
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"He  repeatedly  referred  to  the  relativity  of  such 
concepts  as  defect,  abnormal  development,  malf ormation* 
deformity,  stunt,  etc.,  and  advised  caution  in  the  use 
of  these  terms  for  Nature,  "in  conformation  to  the 
simple  law  of  metamorphosis  brings  before  ol;r  eyes  both 
the  symmetrical  and  the  bizarre,  the  fertile  and  the 
barren,  the  comprehensible  and  the  incomprehensible1* .  .  .  . 
One  can  by  no  means  obtain  a  comprehensive  view  unless 
one  always  considers  normal  and  abnormal  at  the  same 
time,  in  their  variations  and  effect",  (l)  This  point 
of  view  has  in  modern  times  borne  remarkable  fruit  in 
many  fields  of  research.  One  need  only  mention  the 
study  of  chima.eras  in  Botany,  Freud  and  his  theories  of 
Psychopathology,  the  study  of  Colour  blindness  and  its 
application  to  Physics,  etc, 

Darwin  and  Wallace  are  justly  credited  with  having 
for  the  first  time  presented  Evolution  not  only  as  a 
principle  but  as  the  result  of  definite  factors  operating 
constantly  and  everywhere.  These  factors  had  not  been 
entirely  overlooked,  however,  by  their  predecessors.  Not 
only  did  G-oethe  clearly  grasp  the  fundamental  process,  but 
(l)  B i els chows ky,  op.  cit . ,  III,  p.  103. 
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he  had  no  small  degree  of  insight  into  the  m  nner  in 

which  modifications  of  the  organism  are  brought  about. 

"-For  the  variation  and  the  transformation  of  species  he 
assigns  the  same  reasons  as  those  set  forth  by  modern 
Evolutionists,  viz,  adaptation,  use  and  disuse  of  organs 
and  inheritance;  and  even  for  the  catchword  ’struggle  for 
existence’--  not  only  in  the  sense  of  a  struggle  of 
organisms  with  their  environment,  but  also  in  the  sense 
of  a  competition  of  organisms  among  themselves  for  the 
conditions  of  existence,  and  the  resulting  victory  of 
one  and  defeat  of  the  other- -he  finds  an  excellent  equiva¬ 
lent:  ’Everything  that  comes  into  being  seeks  room  for 
itself  and  desires  duration;  hence  it  crowds  another  out 
of  its  place  and  shortens  its  duration’  (1).  So  the  poet 
also  makes  Prometheus,  the  fashioner  of  man,  who  must 
have  known  about  it,  say: 

’Denn  solches  Los  dem  Menschen  wie  den  Tieren  ward, 
Each  deren  Urbild  ich  mir  bessres  bildete, 

Dasz  eins  dem  andern,  einzeln  oder  auch  geschart, 

Sich  widersetzt,  sich  has  send  aneinander  ^Jrangt , 

Bis  eins  dem  andern  ifbermacht  betatigte’. 

"The  forces  of  formation  and  transformation  do  not 

reside  alone  in  the  environment.  They  are  to  be  found 

first  of  all  in  the  organisms  themselves"  (2) 

(1)  (Spruche  in  Brosa ,  H.  981)  Bielschowski,  op,  clt., 

Ill,  'p.  110, 

(2)  Bielschowsky,  ibid . ,  III,  p,110. 
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’Doch  im  Innern  (ische  int  ein  Geist  gewaltig  zu  ringen, 
Wle  er  durchbrache  den  Kreis, Willkur  zuschaffen 
den  Eormen.’ 

The  formative  impulse  reigning  in  organic  Nature 
is,  however,  limited  in  its  operations  by  the  co  nterpoise 
given  to  it  in  the  mutual  influence  of  parts.  "The  form¬ 
ation  itself  must  be  brought  forth  and  determined  by  a 
mutual  influence,  both  in  its  conforming  to  the  unity  of 
type  and  in  its  variations  from  the  type"  (l).  Economic 
Nature  has  prescribed  for  her  use  a  certa-in  budget 
according  to  wh^ch  in  all  her  modifications  of  form, 
nothing  can  be  given  to  one  part  that  is  not  taken  from- 
another.  This  principle  is  known  to  modern  Science  as  the 
’Law  of  Compensation  or  Balancement  of  Growth’ .  "in 
genera, 1  the  diameter  of  a  homogeneous  body  must  increase 
as  the  power  3/2  of  the  height,  which  accounts  for  the 
slender  proportions  of  young  trees--compared  with  the 
stunted  a,ppearance  of  old  and  large  ones,  (2).  "Es  ist 
dafur  gesorgt",  says  Goethe  in  ’ Dichtung  and  Wahrheit’, 
"dasz  die  Baume  nicht  in  den  Himmel  wachsen".  The  same 
applies  to  physiological  processes.  Thus  Darwin  said: 

"If  nourishment  flows  to  one  part  or  organ  in  excess,  it 
rarely  flov/s,  at  least  to  excess,  to  another  part;  thus 

(1)  (Neue  Schriften)  Bielschowski ,  op,  cit.,  Ill,  p.  111. 

(2)  Thompson,  Growth  and  Norm,  p,  20, 
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it  is  difficult  to  give  nuch  mi  11c  and  to  f  .ttou  ,,111;/, 
ths  same  varieties  of  the  cabbage  do  not  yield  ab  aidant 

and  nutritious  foliage  and  a  copious  supply  of  oil¬ 
bearing  seeds. . .etc, »  Again  in  Goethe’s  words,  "In 
order  to  spend  on  one  si  de,  nature  is  forced  to 
economise  on  the  other  side."  (l) 

Goethe  had  a  strong  sense  of  law  and  order.  He 
said  to  a  friend  once, "The  fact  is,  it  is  part  of  my 
nature;  I  would  rather  commit  an  injustice  than  suffer 
disorder".  (2)  He  conceived  the  changes  which  have 
occurred  in  the  structure  of  the  Earth,  and  in  the 
evolution  of  life  as  a  gradual  process,  each  stages 
merging  insensibly  into  the  next--eacli  stage  the 
inevitable  outcome  of  all  that  had  taken  place  before, 
"lie  raised  for  the  first  time  to  a  principle  of  research 
the  old  oft  quoted  saying  ’Batura,  non  facit  Sal  turn’  . 
llature,  he  says,  can  achieve  everything  that  she  desires 
to  make  only  by  a,  continuous  series  of  gradations.  She 
never  breaks  the  continuity  of  the  series,  Eor  example, 
she  could  not  make  a  horse  if  all  other  animals  did  not 
precede  upon  which  she  mounts,  as  by  a  ladder,  to  the 

flj  Darwin,  Ch,  ’Origin  of  Species’  p.  131, 

(2)  Goethe,  Travels ,  p.  278. 
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structure  of  the  horse.  And  to  Schiller  he  wrote  on 
ohe  30th  of  July  1796:  "I  have  continued  ray  observations 
on  plants  and  insects,  and  have  been  very  happy  in  them, 
I  find  that  if  one  has  rightly  grasped  the  fundamental 
principle  of  continuity,  and  can  use  it  with  ease,  one 
needs  nothing  further  to  make  discoveries  and  to 
present  one’s  views  on  organic  Nature " ,  (l) 

This  is  the  principle  inherent  in  his  conception  of 
Morphology,  of  which  he  may  justly  be  regarded  as  the 
lounder.  This  was  to  include  the  theory  of  forms 

»  'the  formation  and  transformation  of  organic 
bodies  (Metamorphosis ) .  He  himself  said  unequivocally 
that  he  was  setting  up  a  new  Science--not  in  subject 
matter,  it  is  true- -but  in  point  of  view  and  in  method. 
Morphology  developed  into  the  Science  of  Evolution. 

Our  vie?;  of  the  organic  ?/orld  today  is  no  more  comprehen¬ 
sive  than  his:  He  had  often  discussed  with  Herder  "the 
very  first  beginnings  of  life  upon  the  water -earth  and 
the  organic  creatures  that  have  been  developing  upon  it 
since  the  earliest  times"  (2),  He  was  familiar  to 
some  extent  with  the  unicellular  borderline  forms  between 
the  animal  and  vegetative  ?;orlds ,  In  1792,  he  procured 

(1)  Bielschowsky,  op. _ c it. ,  III,  p.  107, 

(2)  (in  speaking  with  reference  to  Herder’s  ’ Ideen 

zur  Geschichte  der  Menschheit ’ ) .  Bielschowsky, op7  cit.. 
Ill,  p.  110. 
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a  microscope  and  with  a  friend  made  a  study  of  Infusoria, 
Algae,  etc.,  sketches  of  which  he  sent  to  J?rau  von  Stein. 
"When  one  considers  plants  and  animals  in  their  most 
rudimentary  stage,  they  are  hardly  to  he  recognized, 
Apucleus,  stationary,  locomotive,  or  semi-locomotive,  is 
what  our  senses  are  able  to  perceive,  and  that  with 
diff iculty. . . .but  this  much  may  be  said,  that  the  creatures 
gradually  evolving  as  plants  and  animals  out  of  a  relation 
in  which  it  is  scarcely  possible  to  draw  a  separating 
line  between  them  develop  toward  perfection  in  two 
opposite  directions,  so  that  the  plant  culminates  in  a 
tree,  enduring  and  stationary,  while  the  animal  reaches 
its  highest  degree  of  locomotion  and  freedom  in  its  crown¬ 
ing  representative  man".  Moreover,  "Goethe  did  not  consider 
that  in  man  the  process  of  creation  had  been  definitely 
finished,  ’Yiiho  knows,’  he  once  said,  ’but  that  after 
all  the  complete0 only  indicates  an  aim  at  a  still  higher 
mark?’  On  the  other  hand,  he  often  refers  to  the  common 
origin  of  man  and  the  animals,  as  for  example,  after 
mentioning  the  hollow  spaces  in  the  human  skull  (the 
frontal  sinuses)  he  continues:  ’In  this  case  the  question 
why?  would  not  lead  very  far,  whereas  the  question  How? 
teaches  me  that  these  cavities  are  the  remnants  of  the 
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animal  skull,  which  are  found  larger  in  proportion  in 
rudimentary  organizations,  b  it  in  man,  in  3pite  of  his 
high  development,  have  not  been  entirely  lost".  And  of 
course  he  spoke  more  truth  than  he  could  know  when 
he  said  that  the  whole  history  of  animal  development 
is  present  in  the  structure  of  the  human  body.  It  seems 
to  me  that  Darwin  himself  could  hardly  express  in  more 
concrete  and  lucid  fashion  the  principles  involved  in  the 
doctrine  of  Evolution.  Ho  more  than  the  most  ’materialistic’ 
Evolutionist  does  Goethe  lean  to  the  mystical,  the 
transcendental.  His  interest  is  limited  to  facts  and  their 
relationships , 

In  discussing  Goethe’s  discoveries,  critics  are 
fond  of  pointing  out  that  his  approach  to  the  problems 
in  question  is  unscientific,  because  he  relies  too  much  on 
intuitive  judgment.  He  says  somewhere  that  the  inductive 
method  alone  is  limited  in  its  usefulness,  but  that 
"both  methods--synthetic  and  analytic --must  together, 
like  inha.lation  and  exhalation,  make  the  life  of  Science",  (l! 
It  must  be  admitted  that  a  comprehensive  view  of  a  lands¬ 
cape  can  not  be  obtained  through  a  microscope  and  that 
(l)  Analyse  und  Synthese,  1829,  Goethe,  op.cit . ,1,  p.  57, 
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'•  without  a  guiding  principle,  investigation  j.s  likely 
to  i  3g  in  irate  in  )  ic  *rt£  in  groping  and  to  end  in  dab¬ 
bling”  (l).  As  to  the  nature  of  intuition,  opin  on3 
seem  to  vary.  "Intuition",  says  one  writer,  is  not  a 
quality  which  everyone  can  understand. . .Many  scientist- 
scout  scientific  Intuition  -  They  can  not  believe  that 
a  blind  man  could  see  anything  they  can  not  see.  They 
rely  utterly  on  the  celebrated  inductive  method  of 
reasoning ,. .a  very  sound  rule  for  mentalities  that  can 
do  no  better.."  And  (incredibly)  as  an  example  of  true 
scientific  intuition:  "Einstein,  working  in  a  patent 
office,  suddenly  perceived  that  energy  -  mass  multiplied 
by  the  snpr?  of  the  velocity  of  light,  quite  without 
any  knowledge  of  how  he  knew  it",  (2)  It  is  indeed  a 
refreshing  thought  that  in  this  mechanized  civilization 
of  ours,  such  implicit  faith  in  miracles  can  exist, 
unsullied  by  doubt  or  rational  scepticism,  ( Sancta 
simplicitas?)  Would  it  be  showing  a  deplorable  lack 
of  imagination  to  suggest  that  sound  intuitive 
judgments  are  usually  the  result  of  a  long  course  of 
thought  and  observation,  and  that  even  the  much  vaunted 

(1)  Bielschowsky,  op,  cit.,  Ill,  p,  130. 

(2)  Donald  C t  lross""PeattTe,  in  ’Green  Laurels*  , 
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’ feminine  intuition’  is  probably  nothing  else  than 

wisdom  born  of  experience?  It  is  of  some  comfort  to  find 

that  Dr,  Carl  Epling  (1)  thinks  that  analysis  without 

synthesis  is  comparable  to  the  seven  blind  men  trying  to 

identify  the  elephant’  (His  is  apparently  a  limited 

trust  in  the  superior  ability  of  the  blind  to  see) 

"Taxonomy 11 ,  he  further  says,  "deals  with  the  forms  of 

organic  nature,  perception  of  which  is  intuitive,  that  is 

immediate  and  without  conscious  reasoning.  Its  judgments 

are  therefore  frequently  intuitive  and,  while  they  may  be 

capable  of  formulation,  are  incapable  of  demons  G  X  cl  G  X  0  XL  •  •  #  • 

a  general  concept  of  species  is  gained  at  first  through 

intuition,  (observation  and  summation  of  characteristics). 

Many  scientists  (Mr,  Peattie  to  the  contrary)  consider 

such  judgments  to  be  perfectly  valid,  and  an  integral 

part  of  scientific  thought.  Such  judgment  depend  for 

their  value  upon  the  experience  of  the  investigator  with 

the  forms  he  is  investigating,  and  upon  his  discernment. 

In  this  respect,  taxonomy,  like  other  sciences,  is 

closely  akin  to  Creative  Art,  As  time  passes,  and  as 

experience  with  the  subject  accumulates,  new  techniques  are 

developed  whereby  intuitions  are  confirmed  and  brought 

(l)  Prof,  U.  of  California,,  at  Los  Angeles o-pproax^fo  to 
lliss/fiCO-Tibn,  1939,  p./) 


-153- 


to  general  acceptance"  (1)  And  so  the  conclusion  wo  Id 
seem  to  he  that  there  is  a  definite  place  in  Science 
for  men  who  have  ’la  capacite  de  penser  en  grand’, 

"’Without  vision  the  people  perish’,  and  the  very 
breath  of  life  of  Science  is  drawn,  and  can  only  be 
drawn,  from  that  very  small  band  of  prophets  who  from 
time  to  time,  d  ring  the  ages,  have  provided  the  great 
generalizations  and  the  great  ideals".  (2)  It  should  be 
pointed  out  in  considering  Goethe’s  positionjin  the 
light  of  present  day  trends  that  his  tendency  to 
emphasize  the  physiological  aspect  of  physical  science 
also  brings  him  closer  to  us.  Contemporary  research  in 
the  field  of  Light  and  Colour  has  been  pre-eminently  guid 
ed  by  the  viewpoint  that  such  phenomena  primarily  owe 
their  existence  to  the  peculiar  physiological  make  up 
of  living  organisms.  Accordingly,  instead  of  speaking 
of  Colour  as  independent  of  the  agent  of  perception,  we 
speak  of  ’Colour  sensations’ ;  and  observation  of 
reactions  to  colour  phenomena  in  animals  and  insects 
have  yielded  the  conclusion  that  colour  perception  varies 
with  other  details  or  organization  (3).  There  can  be 

f  1 )  Carl  E pi i ng ,  An  Approach  to  Classification ’ ,  1 9 3 9 , p . 1 

(2)  Chas.  Singer,  Legacy  of  Greece,  p.  177. 

(3)  So  when  Goethe,  who  also  noted  cases  of  Colour  blind¬ 
ness  still  insists  that  the  ’unusual’  is  not  necessarily 
a  violation  of  the  laws  of  nature,  he  is  quite  right, 

for  although  Colour  blindness  (partial  or  complete)  is 
uncommon  in  man,  it  is  the  general  rule  in  other  classes. 
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here  no  adequate  discussion  of  Goethe’s  ’ffarbenlehre* 

to  which  he  devoted  more  than  20  years  of  patient, 

untiring  labour.  It  was  the  most  cons idera.ble  by  far  of 

all  his  undertakings;  he  himself  esteemed  it  above 

his  poetic  writings.  The  experiments  he  performed  were 

(until  now)  of  unparallelled  variety,  and  have  never  beoi 

questioned  as  to  their  correctness.  They  are  only 

beginning  to  meet  with  just  appreciation  from  physiologist 

although  painters  had  already  found  his  ideas  on  chemical 

colours  invaluable.  It  is  admitted  that  he  may  claim  to 

have  originated  the  science  of  phys iological  optics. 

It  may  be  appropriate  to  quote  here  these  words  of 

a  contemporary  physicist .( 1 ) 

"The  guiding  spirit  of  scientific  enquiry  today  is 

not  cold,  ugly,  precise  analysis,  but  a  sense  of  fitness, 

a,  sense  of  beauty,  a  feeling  for  the  symmetry  inkature'*'. 

Such  a.  statement  makes  one  feel  that  a  better 

acquaintance  with  the  work  of  our  great  poet  would 

result  in  his  being  gre.nted  enthusiastically  the  place 

he  so  much  desired  to  occupy  among  those  who  have 

contributed  to  the  advancement  of  Science, 

(l)  (Prof,  Ellis  of  King’s  College,  London)  some 
months  ago  here,  in  the  course  of  a  lecture  on  ’Modern 
Tendencies  in  Scientific  Research’, 
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There  are  criticisms  which  recur  again  and  again 
since  Goethe1 s  time  and  in  current  literature,  without 
much  modification  of  the  familiar  themes.  Some  of  them 
are  from  their  very  nature,  difficult  to  refute. 

Contradiction  proves  nothing  in  itself  except  a 
difference  of  'Opinion.  When  for  instance  von  Goebel  (l) 
denies  that  Goethe  ever  performed  any  experiments, 
he  advances  no  proof  and  moreover  brands  as  ’hero  worship’ 
Hansen’s  account  (presumably  too  flattering  to  the  poet) 
of  his  botanical  researches.  He  terms  (obviously  with 
derogatory  intentions)  the  doctrine  of  Metamorphosis 
"an  artistic  intuition  free  from  all  lumber  of  botanical 
formulae"  and  says  that  Goethe  thinks  of  Mature  as 
proceeding  ac cording  to  ideas  even  as  man  follows  an  idea 
in  everything  he  undertakes".  Of  course  he  too  must  bring 
in  the  inevitable  anecdote  about  Schiller’s  comment  on 
his  friend’s  sketch  of  the  ’typical  plant’,  "Pas  ist 
keine  Erfahrung,  das  ist  eine  Idee’"  It  never  seems 
to  have  occurred  to  any  one  that  Schiller,  steeped  as  he 
was  in  Greek  Philosophy,  Schiller,  who  complained  so 
often  that  Goethe  attached  too  much  importance  to 
concrete  phenomena,  was  by  far  the  more  likely  to  confuse 
reality  with  the  ideal.  Indeed,  he  was  not  the  only 
(l)  v,  G®.ebel,  op,  cit. ,  p.  76. 
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one  to  mistake  Goethe’s  ’Archetype*  for  a  Platonic 
Concept.  One  meets  too  often  with  such  comments  in  the 
writings  of  people  who  should  imitate  the  wise  cobbler 
and  stick  to  their  last.  Too  obviously  they  understand  the 
philosopher  as  well  or  as  little  as  they  do  the  poet.  The 
generalised  type  of  a  group  is  an  abstraction,  as  we  have 
seen.  But  though  Plat  oils  ’Ideas’  are,  most  people  now 
ftill  grant,  abstract  in  nature,  not  all  abstractions 
can  be  defined  as  Platonic  Concepts.  Goethe  knew  that 
the  Archetype  has  no  objective  reality  as  an  entity, 
but  Plato  certainly  did  not  feel  the  sarnie  way  about 
Ideas.  They  were  the  ultimate  reality,  of  which  the 
objects  of  sensuous  perception  are  but  a  faint  imperfect 
shadow  (l)»  As  to  nature  proceeding  in  a  planned, 
logical  manner,  there  are  many  references  in  Goethe  to 
the  harmful  influence  on  Science  of  the  use  of  Pinal 
Cs.uses  as  explanation  of  form.  (2),  He  is  in  agreement 
with  Bacon,  who  said  that  they  were  "Vestal  Virgins 
dedicated  to  God  and  barren".  It  is  said  of  Huxley,  that 
doughty'  champion  of  Evolution,  that  a  certain  American 

fl)  Cf.  The  parable  of  the  Cave,  Dialogues ,  Rep.  vii,514, 
(Trans.  Jowett,  Vol,  I,  p.  773). 

(2)  "....man  suchte  sich  durch  Endursachen  zu  helfen, 
wodurch  man  sich  denn  nur  irrnner  weiter  von  der  Idee  eines 
lebendigen  Wesens  entfernte,  Ebensosehr  und  auf  gleiche 
weise  hinderte  die  fromme  Denkart  da  man  jedes  einzelne 
zur  Ehre  Gottes  unmittelbar  verbranchen  wollte." 

Goethe,  op.  c i t . ,  I,  p.  399, 
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clerical  gentleman  who  was  violently  opposed  to  it 
asked  him  once  in  a  letter  where  he  could  find  the  most 
telling  arguments  in  support  of  the  theory  (that  he 
might  best  attempt  to  refute  it).  To  the  gentleman’s 
profound  disgust,  Huxley  replied  in  all  good  faith  that  the 
best  he  could  do  was  to  attend  an  elementary  course  in 
Biology.  Why  write  more  books  to  tell  what  Goethe  has 
already  so  admirably  told?  Why  not  follow  the  poet’s 
example,  who  "always  preferred  to  learn  from  the  author 
himself  what  his  thoughts  were,  rather  than  hear  from 
another  how  he  ought  to  have  thought"?  Or  at  least, 
if  this  way  of  satisfying  one’s  curiosity  is  not 
expedient,  refrain  from  repeating  indiscriminately  second 
hand  comments.  Goethe  lived,  worked  and  wrote  more 
than  a,  century  ago,  but  we  are  still  being  told  today  that 
he  was  above  all  a  great  artist,  and  "only  by  happy 
accident  made  the  few  contributions  to  Science  that  he 
did  make",  that  "his  discoveries  in  the  realm  of  the 
Hatural  Sciences  were  fortuitous  and  occasional"  (l). 

This  essay  has  indeed  failed  in  its  purpose  if  it  is 
not  now  clear  that  such  statements  are  seldom  the 
expression  of  personal  opinion,  based  on  actual 
familiarity  with  his  work,  but  are  largely  passed  down 
(1)  Nathaniel  E.  Griffin  ’Literary  Portraits’  1940, p.2446. 
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from  one  generation  of  commentators  to  another  without 
hardly  anyone  feeling  sufficiently  curious  or  interested 
to  verify  them.  One  may  say  perhaps  that  no  great 
injustice  is  done,  since  the  man’s  standing  injbhe  literary 
field  alone  places  him  among  the  mapor  lights  of  our 
intellectual  firmament.  What  human  being  could 
reasonably  claim  more  honour?  Perhaps .. .but  of  his  right 
alone  is  not  the  question.  The  rrork  a  man  does  is  to  his 
credit,  but  what  he  is  reflects  on  the  whole  human  race. 
There  have  been  msny  great  poets,  but  men  of  so  great, 
and  at  the  same  time  so  universal,  so  well  balanced 
endowments  as  Goethe’s  are  to  be  numbered  on  the  fingers 
of  one  hand.  These  are  the  menwho  give  us  a  time  measure 
of  the  potentialities  of  our  species.  Where  no 
special  gift  is  developed  at  the  expense  of  others 
we  indeed  get  a  glimpse  of  the  glorious  future  of  human 
evolution. 

"A  thing  of  beauty  is  a  joy  forever",  and  time  has 
no  power  over  the  spirits  of  the  truly  great.  They  belong 
not  to  the  past,  but  to  the  future.  They  still  walk,  their 
faces  illumined  with  the  inner  fires  of  genius,  before 
the  rest  of  humanity,  our  pride,  our  hope.  In  them  we  are 
redeemed,  in  them  we  find  our  justification,  our  goal. 
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It  is  when  we  consider  the  heights  to  which  they  have 
attained  that  we  know  surely  that  man  has  only  begun  the 
slow  ascent  up  the  sacred  hill  of  progress,  and  we 
cherish  the  conviction  that  "what  some  have  achieved", 
may,  in  some  far-distant  tomorrow,  "be  within  the  reach 
of  all". 

"Drum  lebt  er  auch,  nach  seinem  Tode  fort 
Und  ist  so  wirksam  als  er  lebte, 

Die  gute  Tat,  das  scheme  Wort, 

Es  strebt  unsterblich,  wie  er  sterblich  strebte". 

Goethe, 

(Der  Dichter) 


, 
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SUMMARY 

uoethe,  a  man  of  extraordinary  genius  whose 
reputation  as  a  poet  overshadowed  his  achievements  in 
the  field  of  Science/  Far  ahead  of  his  time,  the 
importance  of  his  ideas  was  not  realized  until  much  later, 
when  they  had  been  rediscovered  or  worked  out  by  others, 
and  when  minds  were  at  last  ready  to  receive  them. 

His  most  earnest  aim  wa.s  to  discover  a  great 
leading  principle  which  would  correlate  ircll  the  phenomena 
of  organic  nature;  more  than  50  years  of  his  life  were 
devoted  to  this  great  task.  It  is  but  just  to  say 
that  as  a  result  of  long  study  and  observation  he 
obtained  a  clear  view  of  the  Evolutionary  development  of 
Life  upon  the  Globe  . 


— 
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